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ABSTRACT 
Establishment of Native Plant Species on Restored Quarries 
Covered by Completely Decomposed Granite in Hong Kong 
Thesis submitted by W O N G Cheuk Yuet 
for the degree of Master of Philosophy 
at the Chinese University of Hong Kong in July 2003 
This study investigated the possibility of expanding the list of potential native 
plant species for local restoration, especially on sites with a final soil cover of 
completely decomposed granite (CDG). Two local quarries, namely Lam Tei Quarry 
(LTQ) and Shek O Quarry (SOQ), were chosen for the study. The objectives were: 1) 
to study the characteristics of C D G and the possible limiting factors to plant growth; 2) 
to examine the growth performance of selected natives (of different functional 
categories) on sites of CDG; 3) to further expand the potential pioneer list to cover 
more native colonizers; and 4) to compare the growing requirement of several 
unexplored natives with commonly used exotics. 
The raw C D G samples from both sites exhibited a high degree of similarity and 
were generally representative of other C D G sites. They belonged to sandy loam, and 
was slightly acidic (pH 5.47 to 5.72) but not saline. Both total N (33.6 to 62.3 [i g 
g"') and organic C (0.04 to 0.14%) were very low. NOx-N and NH4-N averaged 
below 1 11 g g-i and about 14 // g g"' respectively. Available P averaged at around 20 
^ g g"', which was at medium level. Total P ranged between 21.7 and 24.0 // g g''. 
Edaphic properties did not change much along a short period of less than 5 years, 
although our results indicate that soil development processes exerted some degree of 
differences between the two quarries. 
IV 
Celt is sinensis and Sap i urn sebiferum, two common plantation natives, had 
relatively high growth rate, but the other natives investigated performed 
disappointedly until five years after plantation. Syzygium cumini’ Elaeocarpus 
chin ens is, Onnosia emarginatci, Lithocarpus harlancli and Quercus champ ion “ were 
selected out for their outstanding performance in terms of both survivorship and 
growth from a field trial on another 17 under-explored natives. Microclimatic 
factors like irradiance duration, temperature and water availability was proposed to be 
major selecting factors in addition to fertility for the early establishment of seedlings 
in restoration. Indirect analysis shows that the responses of different species to these 
factors varied. 
Herbaceous and shrubby species dominated the pool of natural colonizers 4 years 
after plantation. Herbs from Compositae were the major colonizers in LTQ, while 
leguminous shrubs and trees were also important in SOQ. Legumes were important 
woody components of these pioneers, and species like Desmodium spp. should be 
valuable fast growing nurse species in restoration. 
The greenhouse fertility experiment shows that survival rate of the tree seedlings 
had little relationship with N or P fertilization. This also implies that the large-scale 
field mortality of the seedling might be caused by factors other than low nutrient level. 
However, growth rate of most of the species tested responded to nutrient levels. The 
effect was obvious for nitrogen treatment but negligible for phosphorus except in 
Ormosia einarguuita. Growth of Lophostemon confertus, Queer us edithae, 
Syzygium cumini and Machilus velutina increased with N levels until about 50 kg ha"‘, 
suggesting the presence of another limiting factor to plant growth. 
V 
This study has initiated some work in clarifying the misconception to native 
species. It enables a broader understanding on the use of plant species in restoration 
with respect to their niche, site conditions and soil fertility. Having no tendency to 
promote complete elimination of exotics from our potential planting list, the study 
instead encouraged the proper utilization of different species (e.g. as a framework) to 
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CHAPTER 丨 INTRODUCTION 
1.1 About the thesis 
The initiation of this study was triggered by the increasing concern of 
conservation in Hong Kong, which in turn raises the attention of including more 
native plants in plantation. Providing information on the strategy of restoration for 
Hcng Kong and the southern China is a major goal of this study. 
The thesis starts from the background of conservation in local flora and habitats, 
and the application of conservational concept in recent restoration (Chapter 1). The 
chapter also introduces the research objectives and the logical framework behind. 
Chapter 2 examines the properties of a common soil type for restoration. Chapters 3 
and 4 investigate the performance of selected plant species on such substratum. 
Chapter 5 is an exploration of more potential species for restoration. Chapter 6 
evaluates some of the species studied in Chapter 4 on their requirements to nutrients. 
A final conclusion will be drawn in Chapter 7 to give suggestions with respect to local 
conservation for future restoration projects. 
1.2 Background of Hong Kong 
1.2.1 Geography 
Hong Kong Special Administration Region (HKSAR) is a developed city of the 
people Republic of China (PRC). It is located at the southeastern coast of China 
(22"09'N, 113。58,E to 22^37'N, 114°26'E), about 130 km south from the Tropic of 
Cancer. The city consists of a mainland part (843 kn?), Hong Kong Island (80 knr) 
I 
and over a hundred of outlying islands (175 km^) (Anon. 2001c). Hong Kong, with 
a small terrestrial size of 1100 kin^ supports a non-proportionally large population of 
about 6.8 millions (Anon. 2001b). About 95% of the population, in fact, lives m the 
urban areas along the coast and in some inland small towns (about 20% of the total 
land area). This is because of the rugged topography of the territory (Corlett 1999). 
There is only a little flat land (-130 km^), compared with the about 800 km^ of the 
total hilly area (three quarters of the total land area), whereas the coastal flat lands 
were mostly resulted from reclamation (62 km^) (Anon. 2001c). The mountain, if it 
can be so described, is not high however. The highest point is 957 m at Tai M o Shan, 
located in the middle of Hong Kong (Dudgeon and Corlett 1994). 
In Hong Kong, there are mainly two rock types, namely volcanic rock and 
granite (Sewell 1999). Both are formed by Jurassic volcanic activity (Dudgeon and 
Corlett 1994). The former was resulted from eruption and contributes about half of 
the parent rock cover. The later, formed by intrusion underneath, has a distribution 
of about one third of the total land area (Fig 1.1). The chemical compositions of the 
two are similar since their source of magma are the same, but they differ in granular 
size due to the time difference of cooling. Granite contains crystals of larger size in 
general. The rest of the territory is distributed with Devonian to Cretaceous 
sedimentary rocks, and Quaternary deposits (Sewell 1999). 
While the Quaternary deposits dominate on the floodplain in the northwestern 
part of the territory and some other scattered lowlands, the soil type elsewhere 
(mainly hillside) depends significantly on the weathering of the parental rocks 
underneath, unless there was serious soil movement due to landslide, erosion and 
other factors. About half of the territory is therefore covered with volcanic soil and 
2 
another one third with granitic soil, which is parallel with the proportion, and 
corresponds to the location of the parent rocks (Fig 1.1) (Sewell 1999). Although 
both soils should be similar in chemical composition initially, the granular size 
di fference between them results in different stories. Quartz is a major component of 
both the parental volcanic tuff and granite (a proportion of 35-40% was recorded 
locally) (Chan and Lo 1980b), but it is in fact the one that is most resistant to 
weathering, even in the tropic. The resultant soil texture of the rock inheritance then 
depends mainly on the original size of the quartz crystals. Volcanic rock, formed 
from rapid cooling of lava, generates fine quartz granules, but in granite the size of 
quartz is much larger. Under similar weathering condition, volcanic rock will 
therefore form fine-textured soil. In contrast, granite will give coarse, sandy soil, 
which is vulnerable to erosion and nutrient leaching. 
1.2.2 Climate 
Located within the tropic, the climate of Hong Kong is nevertheless greatly 
affected by the large-scale monsoon winds, which differs from other tropical regions 
of similar latitude (e.g. Honolulu) (Heywood 1953). The climate is therefore 
commonly classified as subtropical instead. Seasonality is quite obvious, with a hot, 
wet summer (from May to August) and a cool but dry winter (from November to 
February). The mean annual temperature is 23.0°C (1961-1990) and the daily 
temperature ranges about 5.2°C (min. 20.9''C and max. IS.TC). In general, the 
coolest month is January, with the mean and mean minimum temperature as 15.8°C 
and 13.6T respectively, while July is the hottest and its corresponding mean and 
mean maximum are 28,8。C and 31.5°C (Anon. 2001b). An absolute highest of 


















































































































































































































































































































































































reached occasionally in some areas of high altitude or in northern region during winter. 
A sea level temperature of 0.0°C was recorded in 1893 (Anon. 2001c). The mean 
annual relative humidity in Hong Kong is 77%, although it is lower in winter (71%), 
with the lowest record of 10% being in 1959. 
The rainfall pattern follows closely that of temperature, being the lowest in 
winter (23.4 m m in January) and peaked at summer (323.5 m m in July). Totally, 
2214.3 m m can be precipitated annually (average from 1961 to 1990) and more than 
70% of it falls between May and September. The rainfall in Hong Kong is usually 
concentrated at near high altitude, e.g. Tai M o Shan, M a On Shan and Laritau Peak 
(Fig 1.2). Over 3000 m m of rainwater can be received annually at the southern 
slopes of Tai M o Shan. The driest places are the western New Territories and the 
southern islands, which in long term do not receive more than 1600 m m (Ng and 
Wong 1996). 
Hong Kong is located just south of the Tropic of Cancer, so the day-length 
varying approximates once a year, with a short-day extreme in winter and a long-day 
extreme in summer. The mean total bright sunshine in January is 152 hours while in 
July 231 hours (Anon. 2001b). Owing to the relatively southern location of the sun, 
the intensity difference of direct sunlight received between north-facing and 
south-facing slopes is obvious in winter, but not in summer. As a result, the total 
direct sunshine received in the north is much shorter than that in the south. 
Ill winter, the wind blowing over Hong Kong is N- to NE'ly dominated. This 
wind comes from the cold and dry areas of the Asiatic Continent. Winter monsoon 
winds continuously lower the temperature and humidity of Hong Kong, especially in 
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Fig 1.2 Mean annual rainfall map (1961-1990) (Ng and Wong 1996). 
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some exposed north-facing areas. Winds of warm summer monsoon (mid-Apnl to 
early October), coming from the south and southwest, on the contrary, bring along 
with moisture from the ocean (Heywood 1953). The mean annual wind speed is 
22.6 km h"', but exceptionally strong squalls and tropical cyclones (>120 km h—丨）do 
occasionally affect the city in winter and summer respectively, and bring damaged of 
various extents. 
1.2.3 Vegetation and their distribution 
Although Hong Kong is such a small place with a large population, the 
remaining countryside surprisingly supports at least 2900 species of vascular plants, 
of which about 2000 are indigenous (-1900 species of angiosperms, 7 species of 
gymnospenns and 〜220 species of ferns) (Anon. 2000, Chau et al. 2000). According 
to archeological data and with reference to other rural areas nearby (e.g. in 
Guangdong Province) (Dudgeon and Corlett 1994), the original vegetation type of 
Hong Kong should be southern China coastal monsoon tropical rain forest (Anon. 
1976), which was destroyed almost completely within recent centuries by human 
activities. Nevertheless, the remaining species do more or less show the 
characteristic of this vegetation type. Most of the species are evergreen, together 
with some deciduous species (Thrower 1970a). 
In Hong Kong, about 66.8% of land (77,337 ha) is covered by different kinds of 
vegetations (Hill 1978, Ashworth et al. 1993). The most dominating vegetation is 
grassland and scrubland, comprising about 79% of the total vegetated area. Forest, 
although slowly increasing, has a quite low coverage of about 13.7% of the total area, 
of which the largest patches are about 150-200 ha, while the majority ranges below 25 
7 
ha. Thirty-two percents of the forested area is made up of plantations while the 
others was secondary forests (Corlett 1994), which was developed from gradual 
regeneration after 1945 (Yip 2000). It is believed that remnants of the primeval 
forest may still exist in some feiig shui woods (Chu and Xing 1997), deep ravines and 
similar non-accessible sites protected by topography (Dudgeon and Corlett 1994). 
The local vegetation types show difference in response with altitude, aspect and 
the substratum underneath. Secondary forests mostly locate in restricted locations 
(as described). Apart from high altitude where there is little human disturbance, they 
are mainly concentrated near water source (e.g. ravines or valley), or areas with high 
annual precipitation. South-facing slopes of tall mountains therefore have higher 
potential for forest development originally, but the picture is complicated due to the 
occurrence of more frequent hill fires on south-facing slopes, which have higher solar 
radiation and hence higher temperature in dry winters (Dudgeon and Corlett 1994). 
This phenomenon is observed if the vegetation on several highest mountain ranges, 
e.g. central New Territories, southern Lantau and Hong Kong Island (which receive 
the highest annual rainfall and share similar soil type) are compared (Fig 1.3). 
North-facing slopes in these mountains are generally rich in high-rise woody 
vegetation, while the plant cover on the south slope is regulated by hill fire, which is 
in turn determined by the existence of graves and related worshipping activities. On 
Hong Kong Island where hill fire is rare, the slopes on both faces are covered densely 
with high shrubs or woodlands, whereas on Tai M o Shan the south-facing slope is 
dominated by grasses or low shrubs instead. Grasses are typically fire-resilient as 
they are able to regenerate quickly from underground stolons after hill fire. Litter of 
grass, however, is an excellent fuel. Without fire, succession proceeds gradually 

















































































































































fire and grassland would be maintained (Ashworth et al. 1993). 
Geology also shapes vegetation distribution. Most of the developed vegetation 
cover of Hong Kong is located on volcanic-derived soils (Dudgeon and Corlett 1994). 
On granitic soil, the areas are usually vulnerable to erosion and support only a limited 
amount of vegetation. These areas concentrate in the west of the territory, where 
grassland and low scrubs are the dominant vegetation types. 
1.2.4 Floristic composition 
The components of the original dominating vegetation in Hong Kong are mainly 
evergreen broadleaf species (Dudgeon and Corlett 1994). There are locally 1889 
species and 877 genera from 179 families of angiospenns. Families with woody 
species leading in number are Papilionaceae (105 species from 44 genera), Rubiaceae 
(70 species from 30 genera), Eupliorbiaceae (64 species from 26 genera), Lauraceae 
(47 species from 9 genera), Fagaceae, Verbenaceae, Moraceae and Theaceae (more 
than 30 species from each family) (Chau et al. 2000). However, Lauraceae, 
Fagaceae, Eupliorbiaceae, Rubiaceae and Moraceae are believed to be the main 
compcments in Hong Kong's primeval forest. While the first two families represent 
flora of the subtropics (or tropical montane) and they dominate the forests of all 
altitudes, the others are representatives of tropical regions and dominate only below 
400 m in Hong Kong (Dudgeon and Corlett 1994, Corlett and Truner 1997). Only 
two strictly tropical families, Dipterocarpaceae and Myrsiticaceae are absent locally. 
The distributions of other region-specific species here also provide evidence that 
Hong Kong, in biogeography, lays between the tropics and the subtropics. Tropical 
species mostly concentrate on the lowlands while subtropical characters are more 
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obvious at higher altitudes (Zhuang and Corlett 1997). 
1.2.5 Urban development and forestry history 
Hong Kong is a highly developed city in Asia. Although it still owns a large 
floral collection, species distribution is very scattered with areas of high plant 
diversity limited to a few small regions. There are around 390 tree species from 192 
genera and 67 families, while 119 and 56 species were classified as rare and very rare 
locally (Zhuang et al. 1997). Secondary forests are dominated by Machilus species 
in general and are lack of Fagaceae (except Cast an op sis fissa which was planted 
initially), although the latter was an important component in the speculated primary 
forest locally. 
The dramatic development of the area started from the mid-1960s, but the 
destruction of natural habitats was much earlier. It is believed that large-scale 
human impact on the local natural habitat began from the seventeenth century, when 
the upland area was settled by the Hakka villagers (or much earlier when it is 
occupied by other tribes). The destruction was nearly completed after 1840s, since 
words like 'barren' or 'bare' started to appear to describe the local landscape in the 
literature (Hinds and Bentham, 1842). However, there were still several forest 
remnants located in scattered regions (Daley 1970, Dudgeon and Corlett 1994). 
Large-scale reforestation was not carried out until 1880, when mainly the native 
Pinus niassoniana was planted on hillside. Up to 1940，only a few exotics and 
natives species were proved successful. They included Lophostemon confertus 
(previously Tnstania conferta), Melaleuca leucocephala (previously M. 
quinqueuervia). Acacia confusa. Eucalyptus spp., Cinnamomiim camphora and the 
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native pine. They were also planted as the majority in nature reserves (Nicholson 
1996). Other natives (e.g. of the Fagaceae family) were also tried but in a smaller 
scale. Reforestation, in that period, focused mainly on fuel wood production with 
conservation as only a minor objective. There were about 47 kn? of plantation on 
the Hong Kong Island in the late 1930s (Dudgeon and Corlett 1994). 
During the Japanese occupation of Hong Kong from 1941 to 1945, most 
plantations were cleared for fuel and timber and the destruction continued for a short 
period after the war. Reforestation restarted after peace. The importance of the 
native Pinus massoniana continued until they were nearly eliminated by pests in the 
late 1970s. It was gradually replaced by others, which were planted more heavily in 
terms of species diversity and number in the countryside. Still, many of them were 
exotics, e.g. Acacia spp., Casuarina equisetifoUa, Eucalyptus robusta, L. confertus, M. 
leucocephala and Pinus elliotti, but natives have been given increasing attention. 
Successful ones like Castanopsis fisscL, Liquidambar formosana and Schima superb a 
were planted extensively (Corlett 1999). The objective of reforestation was also 
being shifted to water catchment protection and subsequently, conservation (Lay et al. 
1999). The location for reforestation was also extended from the countryside to 
some degraded areas that resulted from industrial and economic activities (Section 
1.3.2). The forestry development in other areas in South-east Asia (e.g. Guangdong 
and Singapore) were more or less similar (Roberts and Bradshaw 1985, Wang 1995, 
Corlett and Truner 1997). In the whole Guangdong and Hainan Provinces, the 
original primitive forests were left scared and scattered, as in the case of Hong Kong 
(Anon. 1976). 
With the increasing effort of conservation, a large proportion (more than 40% in 
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area) majority of the countryside was left undisturbed in general. Secondary 
succession took place and shaped the present vegetation. Plantations, together with a 
small proportion of barren areas, gradually developed into secondary forests, which 
are mostly dominated by Lauraceae species due to their higher dispersal ability 
(Chapter 3). 
1.3 Restoration of degraded lands 
1.3.1 Importance of restoration 
The development of human culture exploits natural resources continuously, from 
woods to mines underneath. The extraction of such materials leaves scars of 
different disturbance levels. Logging or similar activities has the least impact on the 
original ecosystem and secondary succession involved in restoring those habitats. 
On the other hand, mining and quarrying always leave the site barren due to the 
destruction of soil profile. They result in the sort of site most difficult to be restored 
(Aber 1987). The succession that happens would be entirely primary (Bradshaw 
1987). In the tropics, annually 1 to 4 % of forests are destroyed and there are million 
hectares of degraded land calling for restoration (Hamilton 1990, Dobson et al. 1997). 
These lands are maintained by repeated burning and agricultural activities. The most 
serious ones are those resulted from erosion and other exploitations. Located in the 
tropics, Hong Kong and the nearby regions by no means can escape from the 
problems. 
Various terms similar to restoration are adopted by different researchers and 
professional sectors (Bradshaw and Chadwick 1980, Hamilton 1990, Hamngton and 
Howell 1990), according to the project scale or in some case, based on different 
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schools of definition. Restoration returns a habitat exactly the same as that before 
destruction, both in structure and function of the ecosystem (Resales et al. 1997). 
This IS indeed ideal, but rarely achievable (Fang and Peng 1997), not to say within a 
scale of ten years. Thus, a broader definition of the term restoration that is 
equivalent to "rehabilitation" is also widely accepted. Rehabilitation recreates a 
habitat close to the original one (e.g. reforest a destroyed forest) without completely 
returning the original structure and function (e.g. a different species composition) 
(Bradshavv 1987). Most local "restoration" projects merely aim to revegetate an area 
and let the regeneration of other species happened spontaneously without 
management, and hence, they all belong to the category of rehabilitation. In fact, it 
is not a must to return all communities back to its original states (Diamond 1987). 
Replacement and reclamation would be touched less here. The former replaces the 
original habitat with a new one while the latter is a collective term implying the 
creation of a habitat with no specification of final condition. 
No matter which terminology is adopted, returning a derelict site from further 
degradation usually involves some kinds of human input (e.g. revegetation). Plant 
canopies indeed provide cover to the unfavourable substratum and improve the 
microclimate (e.g. temperature) which allows succession to proceed or accelerate (e.g. 
seed dispersal), through by-passing some intermediate stages. They also arrest 
erosion and nutrient depletion (Hamilton 1990b, Sotir 1990, Virgonia 1990, Fang and 
Peng 1997, PaiTOtta et al. 1997b). 
The term "restoration" is interpreted in a broad sense in this study, covering the 
meaning of rehabilitation. Restoration is important in various aspects. It stops 
further degradation of land by planting vegetation (Wang and Tang 1999). It returns 
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the scLirs of a region into a form visually pleasant and harmonic with no further 
degradation (e.g. erosion). It also reduces the possible harzard to the public (e.g. 
landslide). These are the primary goals of many restoration projects (Diitton et al. 
1992, ICirkbride and Forbes 1994). Importance of restoration is also reflected by its 
capability to provide site for maintaining regional biodiversity (Dobson et al. 1997). 
Self-SListainability of the ecosystem may be included as a restoration objective, but in 
reality cost-effectiveness rather than ecological benefit is usually the major concern. 
In short, restoration accelerates the natural succession processes on degraded sites that 
may be obscured or arrested by various barriers or stresses in the absence of human 
inputs (PaiTotta et al. 1997c). 
Degraded lands next to urban areas are desirable locations for parks and places 
for other recreational uses. Other than this, some sites can be transformed into other 
land uses, e.g. residential areas (Hooper 1992, Kirkbride and Forbes 1994, Anon. 
1998b). Attention is also paid to the value of these degraded areas to conservation 
due to their low accessibility by the public. They can be developed into refuges for 
endangered plants or extended habitat for wildlife (Falk 1990, Kendle and Bradshaw 
1992). 
Studies on restoration ecology is less extensive in the tropical than in the 
temperate regions. Much knowledge and experiences are translated directly from 
some regions of completely different climate and vegetation. In fact these should 
only be regarded as a guideline. More specific studies are therefore required for 
SLiccessful restoration in the tropics (Wunderle Jr. 1997). 
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1.3.2 Sites for restoration 
In Hong ICong and the nearby southern China regions, degradation of land occurs 
in areas affected by several major human activities, such as soil excavation on borrow 
areas, mining, landfilling, quarrying and the construction of infrastructures like 
highways (creating fillslopes, cutslopes and rockslopes) (Table 1.1). All of them 
have the soil profile seriously disturbed or even removed, and can be classified as one 
of the severest cases of disturbance (Aber 1987). Barren hills resulted from 
deforestation, fire and subsequent erosion are also grouped into this class. In 
tropical and subtropical China, there are over 460, 000 km" of degraded lands that 
have been deforested, and some forms of restoration are therefore urgently needed. 
1.3.3 Substratum for restoration in Hong Kong 
About one-third of the land in Hong Kong is granitoid based. The soil crust 
was developed from the weathering of granite, which is a kind of intrusive rock. 
Those thoroughly weathered are called completely decomposed granite (CDG), which 
IS commonly adopted as the cover soil in landfills and as a filling material for some 
infrastructures (e.g. fill slopes). It is mainly excavated from borrow areas, and to a 
lesser extent quarries (which quarry granite). 
It can therefore be speculated that the term C D G is being used loosely. In fact, 
the engineer-termed C D G may include materials that are in semi-weathered state. It 
may be mixed with other materials or soil during extraction or transport. Most 
probably volcanic soil would be a major "impurity" to C D G as in geology the two 
rock types are closely related and locally there are many locations where the two rock 
types meet. Volcanic soil is finer in texture as the parent material has a smaller 
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Table 1.1 Examples of some large-scale degraded lands in Hong Kong and their stage 
of restoration (as at Dec 2002). 
Degraded lands Location(s) Stage of restoration 
Borrow area Sai Kung Wan Chai Completed 
Tai Tong (East) Completed 
Landfill Jin Drunker's Bay Completed 
Jordan Valley Completed 
M a Yau Tong Completed 
North East N e w Territories (NENT) In progress 
Pillar Point Completed 
Sai Tso Wan Completed 
South East New Territories (SENT) In progress 
Shu en Wan Completed 
Tseiing Kwan O Completed 
West New Territories (WENT) In progress 
Quan-y Anderson Road In progress 
Lamma Island Completed 
Lam Tei In progress 
Shek 〇 In progress 
Fill slope Yuen Long Highway Completed 
Castle Peak Foothill Bypass Completed 
Cut slope North Lantau Highway Completed 
Tuen M u n Highway Completed 
North Tsing Yi Coastal Highway In progress 
Berm Castle Peak Road (Ting Kau) In progress 
Jordan Valley In progress 
West Tsing Yi Interchange Completed 一 
Information from the fol lowing government departments: 
Civi l Engineering Department, 
Environmental Depaitment, 
Highway Department, 
Territory Development Department. 
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gram size. The resultant soil, completely decomposed volcanic (CDV), will 
therefore be richer in nutrient content than CDG, although in general the two substrata 
do not differ chemically. 
The heterogeneity of C D G can be further illustrated based on soil taxonomy. In 
humid climate of the tropics like Hong Kong, natural, undisturbed granitoid 
developed into soil of taxonomic sub-order (USDA) called Ustiilts, under the order 
Ultisol. According to detailed soil profile characteristics, they can be further divided 
into zonal subgroups Ochreptic and Lithic Haplustult or Typic Plinthustult. These 
soil tax a (collectively regarded as red-yellow podzols in convention) developed from 
granite at all altitudes, or from all parent materials above 500 m (Faniran and Areola 
1978, Hill 1978, Grant 1983, Wambeke 1992, Brady and Weil 1999). The C D G used 
for restoration projects is therefore a collective term, the profile characteristics of 
which are completely disturbed during earth moving. 
C D G naturally supports relatively thin vegetation. As its texture is coarse, 
plants growing on this soil may suffer from drought, especially in dry seasons (Grant 
1983, Brady and Weil 1999). Phosphorus content of C D G may be high but its 
availability varies due to the presence of high aluminum and iron contents in some 
circumstances (Thrower 1970a). It is friable and free-draining (Chong 1999), but for 
sites where C D G is deliberately imported, compaction is another problem for the 
establishment of vegetation. Compaction is resulted from the mixing of sandy 
materials with clay particles, which fill the macropores of the former. This leads to a 
low infiltration rate and the soil tends to harden when dry. The surface runoff of this 
soil is high, leading to serious erosion. Granitic soil is therefore known as one of the 
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most erosive soil type (Claassen and Zasoski 1998) and this makes its revegetation 
much more difficult (Roberts and Bradshaw 1985). 
Granitic soil is also important in regions nearby. In Guangdong Province, it is 
one of the commonest soil types and it covers an area of about 120,000 km" (Wang 
and Tang 1999). These regions should therefore share the same experience in 
restoring similar sites. 
1.3.4 Revegetation 
Revegetation in Hong Kong, either in the countryside or on degraded lands, 
starts with the target to give a greening effect and to control erosion. With a limited 
budget, species that are fast growing and tolerant to adverse conditions are given 
preference. These species are mainly exotic (introduced) species from the dry 
regions of Australia. Local (native) species are also recruited but the species list is 
short, mainly confined to Pinus massoniana, Liquidambar formosana and 
Castanopsis fissa (Nicholson 1996). After the large-scale infection of P. massoniana 
in the late 1970s, this species was eliminated from the list and the remaining natives 
comprised only a small proportion of the total number planted (Corlett and Truner 
1997). Although more local species have been tried, the number of species planted 
in country parks were limited to around 20 in 1995 (Cheung 1999, Lau and Fung 1999, 
ZhLiang and Yau 1999). Exotics like Acacia spp., Eucalyptus spp. and Lophostemon 
confertus still dominated in plantation projects, especially on degraded sites like 
borrow areas and landfills (Anon. 1998a, Chan et al 1991’ Kirkbride and Forbes 1994, 
Chong 1996, Chong 1999, Lui 1999). Nevertheless the number and species of 
natives tried by A F C D are though slowly, continuously increasing. From 1998 to 
2001, the total number of natives planted increased from 293,280 (53% of the total 
19 
planted) to 531,300 (56%) individuals (unpublished A F C D data) (Table 1.2). 
1.4 Species for plantation 
1.4.1 Exotics vs. natives 
Exotics have been commonly used in plantation for more than 50 years in Hong 
Kong and other adjacent regions (Roberts and Bradshaw 1985, Wang 1995), as most 
of these species are able to tolerate drought and soils of low fertility. Some species 
like Acacia spp. and Casuarina equisetifolia are nitrogen-fixers, with a rapid growth 
rate and greening effect. They are also capable of enriching the soil with nitrogen 
from the atmosphere through litters and root exudates. Other species like 
Lophostenwn confertiis and Eucalyptus spp. have high regeneration ability, and are 
able to recover from injury and fire (Kirkbride 1983). As a result, these exotics are 
widely accepted as a guarantee to successful revegetation. They were intensively 
planted (e.g. A. confiisa), especially on barren hills and degraded sites, on which 
natives are usually inferior in their performance. Native species were perceived or 
even labeled with their high requirement of nutrients and moisture, and on the 
contrary a low growth rate (Chong 1996). From 1871 to 1990, only 33 out of 150 
tree species planted in Hong Kong were natives (Corlett 1999). 
However, experience told us that monoculture might raise problems such as pests 
and diseases (e.g. nematodes infection of P. massoniana), and maintaining low 
comnuinity complexity and diversity (Harper 1987, Dudgeon and Corlett 1994, Wang 
1995’ Parrotta et al. 1997c, Wunderle Jr. 1997). In fact exotics were usually planted 
ill large stands with few genera and species. It has been estimated that more than 
three quarters of the species in the tropical plantation industry comprised of three 
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Table 1.2 Native species seedlings planted in the country parks of Hong 
Kong (Unpublished A F C D data). 
Species 1998 1999 2000 2001 
17,500 6,820 40,000 19,900 
Ci una mo in u m ca mph o rci 300 6,300 4,500 17,000 
Ciiiiiunghanua lanceolata 3,200 8,000 11,000 12,000 
Cleistocalys operculata 6,000 10,200 2,000 • 7,000 
Gordonla axillaris 5,500 11,400 10,500 5,000 
Liciuidcunbar formosana 30,240 22,000 20,100 29,100 
Muchilus spp. 35,000 85,000 35,000 130,000 
2,000 2,600 47,600 17,300 
Reevesia thyrsoidea 17,300 24,680 19,300 9,800 
Rhaphiolepis indica 1,150 3,000 4,000 13,600 
Schima superha 4,950 1,400 33,100 14,000 
Syzygiuin hancei 24,640 3,000 500 6,600 
Other native species 145,500 174,000 128,000 250,000 
Total native species seedlings 293,280 358,400 355,600 531,300 
Total seedlings planted 553,500 664,000 648,000 950,000 
% native species 53% 54% 55% 56% 
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genera, namely Pin us, Eucalpytus and Tectona (Evans 1992, Haggar et al. 1998). 
Even if they were established as mix-planting, the invasion and regeneration of other 
species at the understorey were slow (esp. under Acacia spp.) (Chong 1996). 
Besides having the ability to preclude invasion for litter of some species (e.g. 
C CIS mi mm equisetifolia), most exotics are of low attraction to local wildlife, which are 
important dispersers for many plant species. These "foreigners" fail to provide 
suitable fruits for the local birds and mammals. They are not appreciated locations 
for nesting and roosting as well (Kwok and Corlett 2000). Comparison between 
pure Acacia and Eucalytus woodlands and mixed forests gave a clear picture that 
diversity of vegetation, insects, birds and soil microbes were all lower in the exotic 
monoculture (Wang and Pang 1997). Pure Pin us or Eucalyptus woodland was 
unable to reverse the acidity of eroded soil. In addition, it may even have 
degradative effect on soil fertility and structure (Wang and Pang 1997, Jaiyeoba 1998’ 
Kill an 1998). Worse still, some species like Eucalyptus spp., discourage the 
regeneration of other plants (Chong 1996). Therefore, some believed that fully 
natural communities could not be established with exotic species (Diamond 1987). 
Many natives, on the other hand, are able to fulfill all these requirements for 
vegetation enrichment (Corlett 1992a, Corlett 1992b, Dudgeon and Corlett 1994’ 
Corlett and Ping 1995, Corlett 1996). However, the problem of monoculture still 
exists (at least at the beginning) as long as the natives were planted with only a few 
species. 
Planting natives, however, could enhance the speed of restoration. The 
plantations are also attractive shelter and feeding places for the local wildlife, which 
are threatened by habitat destruction. The animals then help natural regeneration 
2 2 
through seed dissemination (Jordano 1992). From the conservation point of view, 
endangered or rare species may be included in native plantations for the preservation 
of not only those plant species, but also the animals the survival of which rely on the 
plants. The animals concerned include insects (e.g. butterflies), birds and mammals. 
On the other hand, alien species might have unpredictable impact on the local 
ecosystem, especially when they are able to self-regenerate locally and become weedy 
(e.g. Acacia spp., Casuarina spp., Leucaena spp. and Melaleuca spp.) (Hamilton 
1990b, Harrington and Howell 1990, Peters 2001). Thus, the introduction of exotic 
species has significant implication to conservation (Dudgeon and Corlett 1994, 
PaiTOtta et ai 1997c). 
1.4.2 Fields of controversy 
The perceptions of native species were all about their demanding growth 
requirement and poor growth rate. However, there were only a few systematic 
studies on the growth of natives in Hong Kong. The only large-scale trial started in 
1994 in Tung Chung by the former Agriculture and Fisheries Department (Chan 2001). 
This demonstrated the favourable performance of several natives [Schima superba. 
Reevesict thyrsoidea and Tutcheria spectabilis). In another study, Cyclobalanopsis 
neglectci and Choerosponclia axillaries were also recommended for use (Hau 2000). 
Although the number of successful candidates is small, this may only reflect the 
situation on those specific sites. However, it also reflects that there are many species 
that are overlooked and need to be explored. 
Up to now there are only a few native species that have been proved to be 
suitable and commonly used in restoration (Table 1.3). A reason for this is the 
insLifficient supply of seedlings of potential species (Lay et al. 1999). Seedling 
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Table 1.3 C o m m o n natives in restoration programmes. 
Cu 1 一 
< ^ 1 - S 
§ ^ I a 二二 〇 C -a o ^ ^ cd ^ r^  H 
CQ > § ^ o I I 
S .1 5 • § a ? 
§ oD ^ 2 〇 # 
t -i i 1 ^ ^ 
Species names Chinese Name Family Form — ^ 二 日 
^ . J H a. H c/^  < c/D ^^ 
Casiauopsis fissa 黨葡 Fagaceae tree • • 
Celtis sinensis 朴樹 Ulmaceae tree • • • • • 
Ficus inicrocarpci /钿葉榕 Moraceae tree • • • • • 
Gordonici cLxiUicins 大 茶 Theaceae tree • • • • 
Licju uhi111 bar fui-inosaiia 虱香 Hamamelidaceae tree • • • • 
Macai-aiiga tanariiis 血t同 Euphorbiaceae tree • • 
Melasroina saiiguineuin 毛稳 Melastomataceae shrub • • • • 
Rhaphiolepis indicci 車車命t每 Rosaceae shrub • • • • 
R h 0 do III 17-tus to men tosci 
桃 金 孃 Myrtaceae shrub • • • • 
SapiLim discolor U j j ^木白 Euphorbiaceae tree • • • • 
Scipiuin sL'hifenim 磨 木 E u p h o r b i a c e a e tree • • • • 
SchcffJcra ociophvlla 鴨腳木 Araliaceae tree • • • 
Scliinni superha 
木 荷 ( 荷 樹 ） T h e a c e a e tree • • 
Siercului lanccolatci 1 段II婆 Sterculiaceae tree • • 
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supply depends on seed source and viability (Parrotta et al. 1997c). Our knowledge 
of seed phenology is weak (Zhuang and Corlett 1999) that makes some species (e.g. 
of Fagaceae) maintain a low germination rate in the nurseries (personal 
communication with A F C D staff). 
Oak species (Fagaceae), although being important components of local primary 
forests (Thrower 1984, Dudgeon and Corlett 1994), failed to regenerate in secondary 
forests (Corlett and Truner 1997, Roberts and Bradshaw 1985). This is believed to 
be the results of disperser extinction (Zhuang and Corlett 1997) and serious seed 
p red at ion (Haii 1997, Zhuang and Corlett 1999). Their absence on degraded areas or 
under plantations therefore does not necessarily imply their unsuitability for 
revegetation. In the tropics, there is a high interdependence between species 
combination and the environment, together with interspecific adaptation (Roberts and 
Bradshaw 1985). Poor post-nursery care of plant seedlings (during transport, storing 
and planting) is another factor that may have contribution to seedling loss after 
plantation (Roberts and Bradshaw 1985, Horowitz 1990, Hau 2000). 
Local plantation usually focuses on trees with a few shrubs. The general 
practice of planting starts just after hydroseeding. It may not be the most appropriate 
way for revegetation, since forest may not sustain in some locations due to unsuitable 
hydrology and microclimate. In fact, the establishment of herbs or shrubs were 
conducted in many other countries (Chau and Lo 1980b, Hamilton 1990b, Simscalco 
el al. 1998). Where condition allowed, natural succession will proceed 
spontaneously and thus it is not a must to have tree planted at the beginning. 
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1.5 Project objectives and significances 
It is a challenging work to revegetate an area with serious human disturbance 
(e.g. quarries), if the substratum is termed C D G by the contract or tender due to the 
adverse soil physical and chemical quality. Exotic species used to be the first choice 
in commence the task. However, to enhance biodiversity and ecosystem stability, it 
IS encouraging if natives could be included in the plantation. According to some 
studies as described, this is possible if two hypotheses were proved correct. These 
include: i) the misconception that a mild condition is obligatory for the growth of 
natives, and ii) the possibility that native species lacking dispersal animals (and 
thereby absent in natural regeneration) may grow well when artificially planted. 
The above-mentioned forms the basis of the present study which aimed: 
1) to study the characteristics of C D G and the limiting factors to plant growth; 
2) to examine the performance of natives (of different ages) on C D G sites; 
3) to test some unexploited natives of different functional categories; 
4) to discover more potential pioneer species locally; 
5) to compare the growing requirement of several unexplored natives with exotics. 
The study may not be sufficiently comprehensive itself in validating the above 
hypothesis, but it will definitely be valuable in provision of hints and suggesting • 
direction for this process. 
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1.6 Study sites 
1.6.1 Criteria for site selection 
Quarries of Hong Kong are mostly granite based. Two of them were selected 
for the study because the final landform of both sites after excavation and engineering 
works comprises C D G as the soil cover. Furthermore, quarries are generally free 
from pollutants that may hinder plant growth (Chan et al. 1991, Chan et al. 1997), in 
contrast to landfills and some other degraded lands, which may be contaminated by 
toxic substances. Vandalism is also minimum in quarries as they are situated at quite 
remote locations, so the performance of plants should adequately reflect the 
environmental and edaphic properties of the sites. 
1.6.2 Shek 〇 Quarry and Lam Tei Quarry 
Shek O Quarry (SOQ) and Lam Tei Quarry (LTQ) were chosen as the study sites 
(Fig 1.1). Both quarries have different phases of completion, making the 
comparison of growth between plantations of different ages possible (Fig 1.4). The 
different distribution of invading species at various time after site completion could 
also be determined. 
LTQ is located about 3 km north from Tuen M u n Town in the New Territories. 
It has an area of about 30.5 ha, of which 23.5 ha are to be rehabilitated. The final 
landform consists of 9 benches each of which is 15 m high (bench slope). Between 
the benches are rock slopes of 60''-70°. According to the year of hydroseeding and 
tree planting, three phases were identified and adopted for this study. They are 
benches +70 m P D to +100 m P D (Phase L99), +115 m P D to +130 m P D (Phase L98) 
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if . 
Fig 1.4 Location and aerial photos of the two quarries. 
Aerial photos reproduced with permission of Survey and Mapping Office, Lands 
Department, HKSAR. ©Copyright reserved. 
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and +145 m P D to +205 m P D (Phase L96) and they all have an aspect of north to 
northeasterly facing (Plate 1.1). 
S O Q is on the west coast of the Cape D'Aguilar Peninsula on the Hong Kong 
Island. It covers an area of 45 ha. Thirty hectares are to be rehabilitated and the 
area is divided into 5 areas (A to E) according to the scheduled year of completion. 
Two engineering approaches were adopted for the formation of slopes, which 
proceeds progressively. Therefore in contrast to LTQ, there is no a clear boundary 
between phases since an area in S O Q represents slopes of different ages within a 
period before the completion of the whole area. Nevertheless, ages of each slope 
compartment could still be identified by photographic records. Only scree slopes 
completed in 1997, 1998, 1999 and 2000 were included in this study. Most of them 
are from southeasterly to west facing. 
Although the soils finally reinstated on both sites are CDG, their parent materials 
are of different pi atonic types. The granite of S O Q belongs to Po Toi Granite of the 
Lion Rock Suite while that of LTQ is Tai Lam Granite of the Lamma Suite (Fig 1.1). 
Both were developed in middle Mesozoic, but the former consists of coarse- to 
fine-grained biotite monzo granite while the latter includes porphyritic 
medium-grained to equigranular fine-grained lecogranite (Sewell 1999). However, 
this minor difference between parent materials can be neglected, as the properties of 
soil are governed mainly by the soil forming process (e.g. weathering) (Brady and 
Weil 1999). The most possible difference should be texture, which is determined by 
the quartz content for the case of granitic soil. 
In Hong Kong, rainfall intensity is the highest (>2200 m m yr'') in regions above 
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_ _ 
Plate 1.1 Different phases on (a) LTQ and (b) SOQ. 
Area enclosed by red lines are the planting sites for the planting trials described in Chapter 4. 
Numbers indicate the year of completion (in terms of planting) of specific area. 
Aerial photos reproduced with permission of Survey and Mapping Office, Lands Department, 
HKSAR. ©Copyright reserved. 
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400 m. From 1961 to 1990, the average annual rainfalls in Lam Tei and Shek O 
areas were similarly around 1800 m m when over 60% of land received an annual 
precipitation of at least 2000 m m (Ng and Wong 1996). In general, both sites are 
within regions of low precipitation relatively, although in 2000, the total rainfall was 
2400 m m in Lam Tei and 2800 m m in Shek O (Fig 1.5), while over 60% of land 
received a total rainfall of 2400 m m annually (Anon. 2001a). 
1.6.3 Rehabilitation of the quarries 
Lam Tei Quarry started its operation in 1982 and was scheduled to be completed 
in 2003. Shek O Quarry has been operating from 1964 for nearly 40 years. 
However, reclamation work was not started until 1994 and will be completed by 2009. 
Before rock excavation, the soil cover was first removed and stored in stock 
pilings ill-si ill in the two quarries. They were then reinstated after excavation and 
major recontounng works. The recontouring schemes of the two sites adopted 
different strategies. For that used in LTQ is bench slope, modified from the berm 
planters formed on cuttings near highways. In SOQ, scree slope is the main 
framework of the final landfoim. 
Bench slopes are formed on benches between rock faces. On the bench, shot 
rocks are lined as the base layer, on which a layer of gravel is laid. The final cover is 
a layer of C D G with a depth of 600 m m (a depth compromise between plant 
requirement and engineering constraints) compacted by machinery, forming soil 
slopes of less than 20° generally. The soil is protected from erosion by 
non-degradable geotextile (Enkamat®) before hydroseeding and tree planting 
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Fig 1.5 Annual rainfall map in year 2000 (Anon. 2001a). 
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(Yii and Lam 1998){Plate 1.2 and Fig 1.6). 
Scree slope is formed with a similar approach. Benches between rock faces are 
layered with broken and shattered rock fragments, above which the soil is separated 
by non-biodegradable geotextile fabric (Terram 1000). The soil layer is of 600 m m 
thick and is composed of C D G forming slopes of 35°-45°. It is also protected by 
erosion control mat (Georaat), which is, made of plant fibers and is thus 
biodegradable. Hydroseeding and tree planting are then carried out (Kirkbride and 
Forbes 1994)(Plate 1.2 and Fig 1.7). 
1.6.4 Site specificity and representativeness 
The purpose of selecting more than one site for this study is to present a more 
representative picture on the nature of these degraded landscapes and to evaluate the 
general problems faced during rehabilitation on this common soil type, especially on 
vegetation establishment. The final substrata of plant growth have minimal 
amendment except engineering materials. The soil depths of both sites are similar 
according to the contract. Finally, although the two quarries are located at different 
regions of Hong Kong, the rainfall amount received were generally close. However, 
the granitoid materials on these sites are of different plutonic groups. This enables a 
more representative conclusion to be drawn on the properties and the nature of the 
loosely termed CDG. 
Nevertheless, attention should be paid to the unavoidable differences between 
the two sites that might mask the actual picture and invalidate possible conclusions 
drawn from this study. These include aspects of the two sites, the engineering works 
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involved and frequency of watering. In LTQ, watering was applied twice a day by 
automatic irrigation system in the first two years of tree planting while it was earned 
oui manually on S O Q on dry days during early stage of plant establishment. 
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CHAPTER 2 CHARACTER IZATION OF CDG ON SITE 
2.1 Introduction 
CDG, though relatively low in quality, is still widely used as the major natural 
soil materia! for local restoration or revegetation projects due to its high availability 
and low price (Jim 1996). As described in Chapter 1, this soil type is broadly 
defined and may contain not completely decomposed materials or mixed with 
volcanic soil in some other circumstances. Thus its soil fertility highly depends on 
the sources or the manipulation practices. It may also vary according to the nature of 
the parent rocks from which it is derived and the soil genesis process. 
Granitic soils are usually much sandy in texture owing to the higher proportion 
of unvveathered quartz compared with many other soil types in Hong Kong (e.g. 
volcanic soil that is the most abundant one locally) (Chaii and Marafa 1999, Chan 
2001). Sandy soil is also characterized by its low water retention capacity because 
of its coarse texture. Compaction during landscaping works reduces the macropore 
number, which further reduce the volume of soil water temporary stored. During 
heavy rain, these granitic soils are also vulnerable to erosion, resulting in gullies and 
barren hills such as those found in Tai Lam and Castle Peak areas, above which 
natural vegetation was poorly developed and scattered. Landslide is serious on the 
granitic hill slopes in Hong Kong and the nearby Guangdong region during rainy days. 
The soil quality after the removal of topsoil (by this kind of earth movement) is much 
more adversed (Wang and Pang 1997). 
Granitic soils are mostly acidic in reaction. pH values ranging from 4.66 to 
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4.74 were recorded in some granite-based areas of Hong Kong (Chau and Lo 1980, 
Chau and Chan 2000). Owing to their high erodibility and low nitrogen content, 
once disturbed, revegetation on these soils is difficult (Claassen and Marler 1998). 
Study has shown that nitrogen depletion is drastic after disturbance (Claassen and 
Zasoski 1998). The contrast was approximately 1300 kg total N ha'' in oak- and 
coiiifer-covered decomposed granite to only 300 kg total N ha"' in exposed saprolite 
(deposit of decomposed materials m its original place). In Tai Lam area of Hong 
Kong, the soil total nitrogen only made up to about 0.02% (200 昭 g'') and organic 
matter less than 0.6% (Tsang 1997). Phosphorus deficiency is also expected on such 
substratum due to the low pH and high aluminum content (Chau and Lo 1980). 
C D G is low in cation exchange capacity (CEC) since the major components of its 
parent rock, namely quartz, mica and feldspar, are either weakly weathered (for quartz) 
or weathered to hallysite or kaolinite (for mica and feldspar). The chemical 
components for the weathering product themselves are narrow in spectrum with few 
plant nutrients. Furthermore, their C E C values are rather low, being 3 to 50 meq 
lOOg-i (Parham 1997). Worse still, the weathered minerals are also subjected to 
leaching. Therefore, even when commercial fertilizers are applied during 
revegetation, the nutrients are readily lost after heavy rains that are common in the ‘ 
wet season of Hong Kong. 
in this chapter, soil samples were categorized into three groups in view of the 
different goals of the analyses. One of the sample groups was the C D G from the 
stock pilings of the two quarries (SP). They were the soils stored temporarily on-site 
after excavation before being used for refilling and plantation. They were probably 
mixtures of topsoil and subsoil of the original profile. Another type of stock pilings, 
the engineering-termed 'scalping', was a mixture of subsoil and saprolite and also 
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included for the characterization of low-graded soils. It contained exclusively 
partially decomposed granite (DG). This type of soil is sometimes used for 
plantation locally as it is readily available (e.g. in the restoration of borrow areas). 
Besides being incompletely weathered, D G was also lower in organic matter (4-12 jdg 
g-i) than topsoil (26 g'') (Claassen and Zasoski 1998). Soil types SP and D G 
formed the bulk of the substratum used in many revegetation projects similar to those 
of the two quarries. 
The second group included the soils extracted from different revegetated phases 
of the quarries and the results of comparison might reflect the rate of soil development 
of C D G under normal rehabilitation maintenance. It was expected that the soil 
fertility would be improved by the vegetation after several years of development. 
The recovery of degraded ecosystem, in fact, relies highly on soil fertility (Fang and 
Peng 1997). The last group of soil was sampled from the area of the planting trial in 
Chapter 4. This area is located in S O Q and the soil was sampled just after grass 
establishment. The results might reflect the immediate change in soil properties 
after reinstatement and hydroseeding. It would also provide background information 
of the substratum for our field planting trials. 
2.2 Materials and methods 
2.2.1 Soil sampling 
The first group of soil (SP and D G samples) was collected randomly in bulk 
from stock pilings of the two quarries. SP was represented by ten samples from each 
quarry, while three samples for D G were obtained from S O Q only. 
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Samples of the second soil group were collected randomly from different plots, 
each of 8 m x 8 m, on different phases of the quarries, namely Phases L96 (completed 
in 1996), L 9 8 and L99 for LTQ, and Phases S97, S98, S99 and SOO for S O Q (Fig. 2.1). 
Grids (representing plots in field) were drawn on site plan and numbered. They 
were then selected by random number and at least 10 plots were set on each phase, 
depending on the size of the phase (not less than 1 plot in 450 m^). Soil sampling 
was done by the soil core method. From each plot, two cores of soil of 15 cm depth 
were collected with a stainless steel core (4.5 cm diameter x 21.5 cm length) and 
pooled together. 
The last group of samples were collected from Area C of SOQ, which is a berm 
of two hydroseeded slopes, C N and CS (see Cha. 4.2 for details). Soil was sampled 
from fifteen random plots (1.5 m x 1.5 m each) on each slope by pooling 2 soil cores 
as described. 
Samples of all the three groups were collected between August and September 
2000. All soil samples collected were air-dried for at least one week. They were 
sieved through a 2 m m mesh stainless-steel sieve before analyses. 
2.2.2 Soil analysis 
Particle size fraction of the soil (for SP, DG, C N and CS only) was determined by 
BoLiyoLicos hydrometer method (Allen 1974) and U S D A classification system was 
adopted for the textural class determination. Soil pH and electro-conductivity were 
measured by glass electrode method with pH and conductivity meter (J en way Ltd., 
Essex, England) in 1:2.5 (w/v) sample:water extract equilibrated for 1 hour. 




Fig. 2.1 Different phases ot the two quarries. 
LTQ; Lam Tei Quarry, SOQ: Shek 0 Quarry. Number in photos denote the years of 
completion of different phases (enclosed by yellow lines) 
Aerial photos reproduced with permission o f Survey and Mapp ing Office, Lands Department, H K S A R . 
©Copyright restM-ved. 
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determined by modified Berthelot reaction and cadmium reduction method 
respectively with an SAN''''" segmented flow analyzer (Skalar Analytical B.V., De 
Breda, the Netherlands), after extraction in \M potassium chloride at 150 rpm for an 
hour (Grimshavv 1989). Total nitrogen was expressed in TKN, after Kjeldahl 
digestion at 360''C (Tan 1996). Total phosphorus (total P) and available phosphorus 
(ava P) were determined by molybdenum blue method with the segmented flow 
analyzer, following Truog's extraction method (diluted and buffered sulphuric acid) 
that is suitable for acidic soil (Allen 1974)，and mixed acid digestion (concentrated 
nitric acid: concentrated sulphuric acid 5:1) at 120°C respectively. Organic carbon 
(OC) content was determined by the Walkley-Black method (Tan 1996), with total 
organic matter content calculated by multiplying the O C value with 1.724. 
Exchangeable bases were determined by a Polarized Zeeman Z-8100 flame atomic 
absorption spectrophotometer (Hitachi, Tokyo, Japan) after extraction with \M 
ammonium acetate at 150 rpm for 1 hour (Grimshaw 1989). 
2.3 Statistical analysis 
Independent sample t-test was used to determine the differences in edaphic 
properties between SP of the two quarries, while one-way A N O V A was done for soils 
of different phases. Waller-Duncan's Bayes M S D test at p<0.05 with k-ratio=100 
was done to locate the difference(s) in the A N O V A (Carmer and Walker 1982, Clewer 
and Scarisbnck 2001). All these analyses were run by Statistical Package for the 
Social Science (SPSS) for Windows Release 10.0.1. 
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2.4 Results and discussion 
2.4.1 Characterization and comparison of soil stock between two sites 
The first group of soils (SP from S O Q and LTQ) was classified as sandy loam 
because of its high percentage of sand fraction, but m fact the texture of this soil type 
was coarser in S O Q than that in LTQ in respect to the higher sand fraction (Table 2.1). 
Clay was comparably low on both sites. Suppose that the soils were both completely 
decomposed, their difference in texture might then be inherited from the parent 
materials, which belong to different plutonic groups (Section 1.6.2) (Sewell 1999). 
Nevertheless, excessive drainage and aeration could be expected in both of the 
samples (Jim 1996). With a clay fraction of less than 15%, the soils would have no 
stable aggregates and so would be poor in structure (Jim 1998b). 
Both soils were slightly to moderately acidic with low conductivity, which is far 
below the detrimental threshold level to plants, implying a low risk of salimzation 
(Landon 1991). The organic matter contents differed between the two sites, 
although they were both lying at an extremely low level. In general the mineral 
nitrogen contents were, though not seriously, lower than those in feng shui woods 
(Chau and Marafa 1999) and much lower than the recommended level of 50 g—丨 
(DLitton and Bradshaw 1982). This reflects either a low organic nitrogen source for 
decomposition/nitrification or an unfavourable condition for the process (Brady and 
Weil 1999). As nitrogen cannot be provided from the parent rock through 
weathering, adequate amount of organic matter with proper nitrification process 
determines the capacity of the substratum to support vegetation development and 
ecosystem (Dobson et al. 1997). The concentration of NH4-N was higher than 
N O x - N on both sites, which is a common situation in the tropics (Witkamp 1971). 
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Table 2.1 Properties of SP from two quarries (n=10). 
Rating" 
I£Q S O Q t-test Low Medium High 
Sand (%) 73.0 (3.26) 82.0 (1.72) * ** - - _ 
S i l t ( % ) 14.6 (2.77) 4.97 (2.15) *** - - . 
Clay (%) 12 .4(1 .19) 13.1 (2.85) n.s. - - -
Textural class' Sandy loam Sandy loam - _ 
pH 5.72 (1.02) 5.47 (0.55) n.s. <5.5 5.5-7 >7 
Conduct iv i ty (^iS cm"') 99.1 (43.5) 71.2 (21.6) n.s. - - . 
Organic carbon (%) 0.04 (0.03) 0.14 (0.04) *** <4 4-10 >10 
S O M ( % ) 0.07 (0.05) 0.24 (0.07) *** - . 
T K N (iig g-') 33.6 (15.6) 62.3 (12.7) *** <2000 2000-5000 >5000 
NO,-N (Lig g' ') 0.99 (1.06) 0.70 (0.65) n.s. - - -
NH4-N (|.Lg g"') 13.1 (6.77) 14.7 (4.69) n.s, - - -
C:N 11.9 (8.03) 23.2 (9.12) ** - - -
Total P(^Lg g"') 24.0 (14.0) 21.7 (4.28) n.s. - - -
Available P ( ^ g g"') 25.8 (16.2) 18.8 (2.13) n.s. <20 20-40 >40 
Exchangeable K ( ^ i g g' ') 38.0 (8.88) 46.0 (11.0) n.s. <78.2 78.2-235 >235 
Exchangeable Na (LLg g' ') 27.0 (12.4) 36.3 (8.23) n.s. - - >230 
Exchangeable Ca (^ig g"') 130 (202) 65.8 (29.2) n.s. <800 800-2000 >2000 
Exchangeable M g ( ^ g g ' ) 21.4 (4.52) 48.5 (4.36) *** <30 30-60 >60 
Refer to text for abbreviations. 
Figures in parentheses denote standard deviations. 
*，丨：丨。丨indicate significant difference at p<0.05, p<0.01 and p<0.001 respectively, 
“n.s.,’ denotes not significant. 
‘Textural classification using U S D A system; comparison not applicable. 
- (Landon 1991) 
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SP from S O Q had a T K N level double that of the counterpart from LTQ, but both 
levels were low compared to 653 |ag total N g'' of an undisturbed granite topsoil 
(Claassen and Zasoski 1998), and even with another eleven sites of Guangdong 
(430-1950 g•丨 for A horizon and 320-630 昭 g ' for B horizon) (Liu 1996). A 
level below 0.2% is regarded as low for tropical soil (Landon 1991)，reflecting a low 
content of organic matter, which is a major source of nitrogen and has an ameliorating 
effect on infertile soil (Brady and Weil 1999). The two samples differed 
significantly in C:N ratio, with LTQ having a lower value of about 11. This may just 
be an effect of trace C and N levels, and has no significant implication on organic 
matter quality. The available phosphorus content was within the range of those 
determined from eleven degraded granitic sites of 300-700 m from the Guangdong 
Province, which ranged from 10-83 昭 g—丨(A horizon) and 13-45 g"' (B horizon) 
(Liu 1996). Our soils were rated low to medium (Landon 1991), whereas it was 
higher than some planting sites in the country parks of Hong Kong (Cheung 1999). 
It was probably because the soil acidity was less severe, which enabled phosphorus to 
exist mainly as monovalent anion form (Brady and Weil 1999). Total P for the 
samples was also much lower than the 5 % lovv-ratiiig value for tropical soils. The 
value was also comparable with that of the available form, reflecting that the amount 
of organic form was small. This is because the organic carbon content in the 
samples was trace, when a level of 4 % was regarded as low (Landon 1991). Among 
the four exchangeable bases, calcium had the highest concentration in both cases, but 
it, together with the other three (e.g. potassium), was still at insufficiently low level 
(Landon 1991 Claassen and Zasoski 1998, Cheung 1999). This poses another 
obstacle to nitrification (Brady and Weil 1999). 
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Comparing the C D G s of the two sites was important for the characterization of 
this type of soil. Soil is usually regarded having considerable heterogeneity 
(Grimshaw 1989, Baize 1993, Tan 1996), even for those of the same taxonomic group 
and within a small location, but this perception did not apply to the C D G samples 
from the stock pilings (SP) of the two quarries. Here though the soils differed 
significantly in the particle size fractions, they both belonged to the same textural 
class and had a high degree of similarity in chemical properties. Although the two 
sites are located in different regions in Hong Kong, these raw soils merely showed 
difference in organic C, TKN, C:N ratio and exchangeable M g levels. 
2.4.2 Comparison between raw soil and grassed soil 
Table 2.2 shows the properties of four soil samples from SOQ. Except DG, 
which belonged to an extremely sandy class, viz. loamy sand, the other samples were 
all classified as sandy loam in texture. This was expected since D G consisted 
mainly of partially weathered material and so it should be coarser in nature. There 
was a significant difference (p<0.05) in the acidity among the samples. D G had the 
highest pH value while the pH of the stock piling sample (SP) was significantly lower 
(p<0.05) than that of the soils from the two grassed slopes (CN and CS). D G also 
had a much higher conductivity than the others, possibly due to the larger pool of 
mineral reserve in the partially weathered materials. This also explained the higher 
pH of D G because of the relatively lower hydrogen ions in cation exchange sites. 
Nevertheless, the value did not reach a saline level (Landon 1991). 
There was a great contrast between the contents of NH4-N and NOx-N in D G and 
SP. While D G had much higher oxidized nitrogen contents than SP, the reverse was 
true for NH4-N. This can be explained by the different locations of the two soils in 
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Table 2.2 Properties o f soils from different sources in S O Q . 
Sample (no. o f replicates) D G (3) S P ( I O ) C N (15) CS (15) 
Sand (% ) 84.7 (1.08)c 82.0 (1.72)b 72.0 (2.60)a 80.4 (3.60)b 
Sill ( % ) 7.97 (1.08)b 4,97(2.15)a 11.1 (3.19)c 5.30 (2.27)a 
Clay (%) 7.30 (0.00)a 13.1 (2.85)b 16.9(2.48)c 14.3 (3.70)b 
T e x t u r a l c l a s s ' Loamy sand Sandy loam Sandy loam Sandy loam 
p H 7.40(0.04)c 5.47 (0.55)a 6.78 (0.23)b 6.67 (0.08)b 
Conduct iv i ty ( ^S cm"') 433 (50.8)c 71.2 (21.6)ab 92.3 (24.6)b 62.8 {14.7)a 
Organic Carbon (%) 0.02 (O.Ol)a 0.14 (0.04)b 0.17 (0.03)b 0.15 (0.04)b 
S O M (%) 0.03 (0.02)a 0.24 (0.07)b 0.29 (0.04)b 0.26 (0.07)b 
T K N (^g g ') 58.8 (23.8)a 62.3 (12.7)a 95.5 (15.3)b 74.4 (23.7)a 
N〇\- N (lag g-i) 15.3 (4.01)c 0.70 (0.65)a 7.58 (0.67)b 7.97(0.41)b 
N H 4 - N g'' ) 7.78 (2.23)a 14.7 (4.69)b 6.54 (0.86)a 6.42 (0.74)a 
C : N 3.77 (2.19)a 23.2 (9.12)b 18.1 (4.48)b 22.6 (9.63)b 
Total P ().ig g' ' ) 27.6 (1.59)a 21.7(4.28)a 43.2(11.9)b 48.3 (12.4)b 
Avai lable P (j^g g' ' ) 20.7 (0.17)ab 18.8 (2.13)ab 17.0 (3.49)a 23.6 (8.56)b 
Exchangeable K (i^g g ' ) 40.0 (2.60)a 46.0 (ll.O)a 74.4 (6.37)b 60.8 (11.6)b 
Exchangeable Na (j^ tg g"') 152 (17.2)b 36.3 (8.23)a 38.5 (9.39)a 33.5 (6.18)a 
Exchangeable Ca ()jg g"') 395 (78.3)c 65.8 (29.2)ab 104 (57.4)b 43.9 (26.6)a 
Exchangeable M g (jUg g 3 6 . 5 (7.46)a 48.5 (4.36)c 42.3 (3.25)b 40.2 (4.40)ab 
Refer to text for abbreviations. 
Figures in parentheses denote standard deviations. 
Mean values sharing the same letters on the same row are not significantly different at p<0.05 level 
by VYaller-Diincan's Bayes M S D test (k-ratio=100). 
‘Textural classification using U S D A system. 
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the soil profile. While nitrate and nitrite in SP was subjected to leaching, D G lying 
underneath with the bedrock received those ions from above, if not completely 
leached away. Since positively charged ammonium is less mobile than the other two 
negatively charged ions because of the more effective adsorption by colloids, which 
are mostly negative (Brady and Weil 1999), its level was reduced m materials from 
the lower horizons. Nonetheless, all these mineral nitrogens from our sample were 
generally low in rating (Chau and Marafa 1999). 
The NOx-N level was much higher on the grassed slope than in the raw soil (SP). 
Regarding the similarly low levels o f NOx-N in SP (Table 2.1), this discrepancy was 
probably brought by the residue effect of fertilizer; added along with hydroseeding. 
One other possible reason is that within a stock piling nitrification is commonly 
arrested but ammonification still proceeds when the condition become anaerobic 
(Brady and Weil 1999). This results in an accumulation of ammonium ions until 
they are nitrified again. This happens after excavation and exposure to air during 
earth moving (Scullion 1992). In fact, the difference in NH4-N between these two 
soil types was less (at the same scale). Another possibility may be the improvement 
of soil conditions (besides aeration) that favours the growth of Nitrosomonas and 
Nitrohacter, which are responsible for nitrification. T K N was again very low in the 
four soils, although it was higher in the grassed slopes (particularly for CN), probably 
because of the grass litter. Plant residues, as an organic amendment to the soil after 
decomposition, help increase the nutrient holding capacity of the soil and reduce 
leaching of ions (Brady and Weil 1999). Organic carbon was higher in soils from the 
slopes than the raw soils, although not statistically, except when being compared with 
subsoil (Baize 1993). The same might explain the results of total P, the level of 
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which was significantly higher in the grassed slopes. There was not much difference 
in C:N ratio among SP and the soils from the two slopes but all were below the 
threshold of 25; 1, which seems quite favourable for decomposition process in the first 
sight. For D G in which organic matter was nearly absent, the extremely low C:N 
ratio was a characteristic of this kind of virgin skeletal soil. The exchangeable base 
contents were of similarly low levels among the four soils, except for Na and Ca, 
which were much higher in DG. There was an increase of exchangeable K after 
grass establishment, probably explained by the fertilizer in hydroseeding again, while 
the levels of the other three did not change or just fluctuated slightly. 
2.4.3 Comparison among phases 
1 
Soils from various phases of different ages at S O Q were compared. There was 
only a little change in the soil chemical properties after 4 years of development. It 
should be noted that assumptions for retrospective studies hold here in order to have 
valid conclusion. Organic carbon accumulated slowly along time, increasing from 
SOO to S97 and to the 5-year plot (T96) of another study by Jim (2001) (Table 2.3). 
Nevertheless, their levels were low consistently. This was the result of litter 
decomposition and was common in woodland development (Chaii and Marafa 1999, 
Cheung 1999, Lui 1999). The coresponding T K N and total P contents, however, did 
not rise significantly. Though the T K N level was obviously higher in T96, it was 
just a reference based on interpolation on another study. The inconsistent trends of 
T K N and total P with respect to organic carbon might reflect the poor quality in terms 
of nitrogen and phosphorus of the organic matter, but there was a slow increase of 
C:N ratio from SOO to S97, although the change was not significant. Mineral N in 
these phases was higher than that in SP, but it was still low and had no clear trend 
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Table 2.3 Properties of soils from different phases of SOQ. 
Sample (no. o f replicates) SOQ (11) S99 (17) S98 (9) S97 (13) T96' 
P H 5.35 (0.40)a 5.54 (0.64)a 6.45 (0.61)b 5.77 (0.83)a 6.01 
Conductivity {\.iS cm"') 75.9 (23.8) 80.0 (48.5) 75.3 (22.5) 97.5 (29.9) 115 
Organic carbon (%) 0.21 (0.05)a 0.28(0.11)ab 0.29 (0.09)ab 0.35(0.13)b 1.01 
S O M ( % ) 0.37 (0.09)a 0.48 (0.20)ab 0 .50(0 .16)ab 0.61 (0.22)b 2.02 
T K N ( i a g g i ) 167 (60.3) 156 (61.9) 190 (43.0) 199 (105) 800§ 
NO\-N (jagg—1) 4.00 (0.08) 4.03 (0.20) 3.42 (1.31) 3.96 (0.60) n.a. 
NH4-N (^ig g') 24.1 (5.03)b 19.3 (4.84)b 12.7 (1.78)a 25.1 (13.1)b n.a. 
C :N 14.1 (5.71) 18.8 (6.57) 16.9 (8.75) 23.6 (16.2) 12.6 
Total P ( jagg 1) 47.5 (18.1) 53.4 (25.3) 46.3 (21.9) 54.5 (40.6) 8.68 
Available P ( jag g—l) 24.7 (10.6)ab 26.6 (10.4)ab 19.1 (9.03)a 29.6 (6.80)b n.a. 
Exchangeable K (^ ig g ' ' ) 105 (15.6)bc 122 (36.1)c 84.0 (34.9)ab 78.7 (20.4)a 121 
Exchangeable Na ().Lg g"") 20.4 (6.24)bc 24.8 (6.82)c 1.89 (2.82)a 15.6(7.66)b 6.90 
Exchangeable Ca (^g g'') 206 (60.9) 258 (374) 308 (135) 252 (282) 998 
Exchangeable M.g ( ^g g"') 38.6 (5.67) 38.7 (12.2) 38.1 (5.08) 41.7 (5.90) 182 
Abbreviat ions refer to text. 
Number of replicates based on the size o f the specific phase. 
Figures in parentheses denote standard deviations. 
Mean values sharing the same letters on the same row are not significantly different at p<0.05 level 
by Waller-Duncan's Bayes M S D test (k-r£itio=100). Parameter without letter did not differ 
significantly. 
n.a.: Data not available. 
；h 
S O Q contractor trial planting plot; age o f 5 years; topsoil ( J im 2001) 
Expressed as total N instead o f TKN . . 
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along time. Even if the organic N or P was high, the increase of organic matter 
would still have no remarkable effect on mineral N and P in case when mineralization 
rate was low. Mineralization, in turn, is regulated by temperature and moisture 
(Witkamp 1971). Exchangeable potassium level decreased along the 
chronosequence from SOO to S97 while other parameters fluctuated or did not differ 
significantly. Although not statistically proved, there was an inconspicuous trend in 
salt enrichment along time in SOQ. 
The case for LTQ was somewhat different. While both pH and conductivity 
fluctuated, the T K N level increased with time (from L99 to L96). There was no 
increase of organic matter content accordingly (Table 2.4), although correlation 
between organic matter content matter content and T K N is usually expected. This 
discrepancy is probably caused by the high intra-phase variability of the organic 
matter quality (e.g. nitrogen content, reflected in high standard deviation in C:N ratio). 
Nitrogen accumulation in LTQ was also reflected in the significant accumulation of 
NH4-N, a situation not occurred in SOQ. However, this difference could not be 
explained in the study. 
Other than nitrogen, exchangeable calcium was the only parameter having 
obvious trend among phases. Its peak in L99 was, however, most probably due to the 
heterogeneity of the soil. Calcium is less easy to be leached when compared with 
potassium. Even for the latter, the level fluctuated instead of decreasing with time in 
LTQ. There was again, no obvious trend but fluctuation with time for available P, 
and other bases. 
Compared with SOQ, conductivity fluctuated more severely in LTQ, which was 
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Table 2.4 Properties of soils from different phases of LTQ. 
Sample (no. of replicates) L99 (10) L98 (10) L96 (10) 
pH 7.45 (0.23)c 5.58 (0.27)a 6.62 (0.47)b 
Conduct iv i ty (|aS cm ' ' ) 170 (47.9)c 82.5 (33.9)a 117 (29.4 )b 
Organic carbon (%) 0.29 (0.09) 0.67 (0.54) 0.57 (0.24) 
S O M (%) 0.50 (0.15) 1.16 (0.94) 0.98 (0.42) 
T K N iiig g"') 25.8(10.6)a 50.6(15.6)b 55.8 (25.0)b 
NOx-N (|.Lg g ' ) . 0.63 (0.23) 0.65 (0.19) 0.64 (0.22) 
NH4-N (l^ Lg g-l) 8.48 (2.24)a 10.4 (2.55)a 22.8 (9.36)b 
C :N 130 (75.1) 137 (98.4) 120 (63.8) 
To t a l P (i^Lg g ' ) 67.5 (64.2) 81.9 (63.3) 75.8 (22.9) 
Avai lable P (jag g ' ) 22.3 (19.4)b 6.50 (8.30)a 19.9 (3.19)b 
Exchangeable K ( ^g g"') 67.6 (8.82)a 84.4 (13.9)b 61.1 (I0.4)a 
Exchangeable Na ()Lig g' ' ) 13.2 (5.09) 15.6 (6.97) 14.7 (3.32) 
Exchangeable Ca (jUg g' ') 347 (97.9)b 223 (34.8)a 234 (58.7)a 
Exchangeable M g ()_Lg g') 13.9 (2.86) 18.2 (4.75) 16.6 (5.45) 
Refer to text for abbreviations. 
Figures in parentheses denote standard deviations. 
Mean values sharing the same letters on the same row are not significantly different 
at p<0.05 level by Waller-Duncan's Bayes M S D test (k-ratio=100). Parameter 
withoLit letter did not differ significantly. 
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hard to be explained. But similar to SOQ, there was no clear soil acidification along 
time, as reported in other study of forest development (Chau and Marafa 1999). It 
was not clear if a period of 3-4 years was too short to have the effect. The C:N ratio 
in LTQ was extremely high, but among-phase comparison does not show a decreasing 
trend of C:N ratio, implying a slow change in organic matter quality and a low 
decomposition rate. 
The possible difference in soil development between the two sites was also noted 
(Table 2.5 and Table 2.6) and there were differences in various parameters between 
phases of the same age of the two quarries (i.e. Phases 99 and 98). Soil acidity, 
mineral N and T K N levels, exchangeable Na and M g showed the most obvious 
differences between either phases of the two sites. The soil of Phase 98 in LTQ was 
more acidic than that in SOQ , but the situation was reversed for Phase 99. This 
probably reflected the difference of soil development process after soil reinstatement 
on the two quarries or it was resulted from the high soil variability in LTQ (as shown 
in Table 2.4). For various forms of nitrogen, soils from S O Q had higher 
concentrations than those from LTQ. This might be inherited from the difference in 
T K N levels at the beginning (Table 2.1), or due to the dominance of Acacia plantation 
in SOQ. Acacia spp. are legumes capable of fixing atmospheric nitrogen and 
enriching the soil with nitrogen. In LTQ, the plantation was dominated by 
Eucalyptus spp. and Lophostemon confertus in additional to Acacia spp.. This might 
be a reason for the lower N-level, but site specificity for other environmental factors 
that affect decomposition and mineralization processes could also result in the 
difference on mineral nitrogen between sites. As nitrogen content in LTQ was 
relatively low, when compared with that in SOQ, C:N ratio of the site was 
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Table 2.5 Soil comparison between phases restored in 1998 of the two quarries. 
Sample (no. of replicates) L98 (10) S98 (9) t-test 
pH 5.58 (0.27) 6.45 (0.61) *** 
Conductivity (|aS c m ’ 82.5 (33.9) 75.8 (22.5) n.s. 
Organic carbon (%) 0.67 (0.54) 0.29 (0.09) n.s. 
S O M (%) 1.16 (0.94) 0.50 (0.16) n.s. 
T K N (>Lg g') 50.6 (15.6) 190 (43.0) * 
NO,-N (iLg g"') 0.65 (0.19) 3.42 (1.31) *** 
NH4-N (pg g' ) 10.4 (2.55) 12.7 (1.78) * 
C:N 137 (98.4) 16.9 (8.75) ** 
Total P (jug g-丨） 81.9 (63.3) 46.3 (21.9) n.s. 
Available P (^ ig g') 6.50 (8.30) 19.1 (9.03) ** 
Exchangeable K (jiLg g') 84.4 (13.9) 84.0 (34.9) n.s. 
Exchangeable Na (jag g—丨） 16.6 (6.97) 1.89 (2.82) *** 
Exchangeable Ca (昭 g') 223 (34.8) 308 (135) n.s. 
Exchangeable M g (}.ig g') 18.2 (4.75) 38.1 (5.08) *** 
Refer to text for abbreviation. 
Figures in parentheses denote the standard deviation. 
气 *** indicate significant difference at p<0.05, p<0.01 and p<0.001 respectively. 
“n.s.’’ denotes not significant. ‘ 
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Table 2.6 Soil comparison between phases restored m 1999 of the two quarries. 
Sample (no. of replicates) L99 (10) S99 (17) t-test 
pH 7.45 (0.23) 5.54 (0.64) *** 
Conductivity (|uS cm"') 170 (47.9) 80.0 (48.5) *** 
Organic carbon (%) 0.29 (0.09) 0.28 (0.11) n.s. 
S O M (%) 0.50 (0.15) 0.48 (0.20) n.s. 
TKN(iagg-i) 25.8 (10.6) 156 (61.9) * 
N〇\-N (lag g') 0.63 (0.23) 4.03 (0.20) *** 
NH4-N (^g g-') 8.48 (2.24) 19.3 (4.84) *** 
Total P (lag g') 67.5 (64.2) 53.4 (25.3) n.s. 
Available P(|.Lg g') 22.3 (19.4) 26.6 (10.4) n.s. 
C:N 130 (75.1) 18.8 (6.57) *** 
Exchangeable K (j^tg g') 67.6 (8.82) 122 (36.1) *** 
Exchangeable Na (jiLg g') 13.2 (5.09) 24.8 (6.82) *** 
Exchangeable Ca^Lg g') 347 (97.9) 258 (374) n.s. 
Exchangeable M g (^g g'') 13.9 (2.86) 38.7 (12.2) *** 
Refer to text for abbreviations. 
Figures in parentheses denote standard deviations. 
*** indicate significant difference at p<0.05, p<0.01 and p<0.001 respectively. 




hiter-site difference on exchangeable Ca level was consistently negligible. As 
in the comparison in between SP samples (Table 2.1), S O Q had a consistently higher 
exchangeable M g level on both Phases 98 and 99 than LTQ consistently, but for K 
and Na, there was no strong evidence showing their superiority in any of the quarry. 
2.4.4 Comparison with other studies 
Raw C D G s (i.e. SP) of the two sites have little differences in their properties. 
The soil data were compared with several previous studies, including three granitic 
soil samples (e.g. a borrow area), a burnt site of volcanic soil and two mature 
woodlands (Table 2.7). In general the two quarries were less acidic than the borrow 
area, the volcanic site in Tung Chung and the D G samples (G-A and G-B). Though 
the soil stocks of the two quarries were poorer in total nitrogen content than the 
samples in other studies, they exhibited higher total phosphorus and available 
phosphorus levels than the borrow area as well as the other two granitic soils, and 
Tung Chung respectively, although the quarry samples contained comparable total 
phosphorus content to that of Tung Chung. 
Among the several granitic soils, obvious soil heterogeneity was restricted to 
mainly a few parameters, which included TKN, NH4-N and Total P. The first two 
are attributed to the vegetation and the organic matter, and the other (total P) is 
partially governed by organic matter. Compared with those collected in volcanic 
sites (esp. the two forests), C D G was much lower in organic matter content and the 





























































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































not deviate much from the others basically, indicating that the sites were quite 
representative to local infertile granitic sites. They were merely much lower in total 
N but a bit higher in total P contents. Obviously the comparison could be more 
conclusive if more data from similar studies were available. 
2.4.5 Soil development in two quarries 
In this study, subsoil stock as D G differed from topsoil stock (SP) in various 
properties except texture, TKN, available P, total P and exchangeable K. It can be 
speculated that if D G were used as the planting substrate, the stress of drought and 
infertility would then be more severe than the topsoil counterpart. 
Although similar initially, the C D G of the two quarries developed separately 
after reinstatement. Immediately after reinstatement and hydroseeding, C D G in 
S O Q showed a rise in pH from 5.47 to more than 6.5 (Table 2.2). But from the 
comparison between SOO (1-year phase) and the younger phases an inconsistent result 
was obtained, that the pH of SOO was lower than C N or CS (6-month phase). No 
assured explanation can be suggested here but it mi2ht be due to the climatic 
difference among years after soil reinstatement or because it is just a restrospective 
study, phase microclimate or the initial difference between substrata of different 
phases, if il was not effectively reflected in our result. At the same time, 
nitrate/nitrite contents increased rapidly with a decrease in ammonium contents. 
However, prolonged vegetation development kept a quite constant nitrate/nitrite 
content but a fluctuating ammonium level. While the level of exchangeable K 
increased significantly and total P doubled after hydroseeding, neither T K N nor 
organic carbon showed obvious increase accordingly. But in the long term, organic 
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mauer accumulated with T K N exhibited a sharp increase from less than 100 昭 g' 
(CN/CS) to more than 150 g ' (SOO). The increment continued afterwards. 
Soil development in LTQ was somewhat different. It could be seen by the 
relative stable mineral nitrogen levels, in contrast to SOQ, in which NOx-N 
accumulated immediately after soil reinstatement. NH4-N in LTQ dropped a bit 
while It was quite stable in SOQ. Also, T K N in S O Q increased more rapidly than 
that in LTQ. Nevertheless it was very low, compared with the typical sites of similar 
soils (latentic red earths) in southern China (Zhao et a I. 1990, Wen 1997). All the 
differences between site were influenced by the various factors, say, plantation density, 
plant composition and microclimate, although further investigation was not available 
in this study. Organic matter accumulation seemed to be faster, though not 
significant, in LTQ than in SOQ. It had reached more than 1%, but still lower than 
the mean value of 1.73% in some eroded sites (Wen 1997). . 
2.5 Conclusions 
All the C D G samples showed a deficiency in nutrients that did not accumulate 
with the time of vegetation development. It was therefore expected that revegetation 
on these soils should face fertility problems no matter if the planting exercise was 
carried out immediately after soil reinstatement, or as re-planting or enhancement 
planting after 3-5 years. There was a long way for these substrata to develop into 
soils high in nitrogen and organic carbon as in a mature plantation or a secondary 
forest (Chau and Marafa 1999). Based on the results, the importance of revegetation 
becomes verv obvious. Through enrichins the available nutrients in the soil surface 
by littering, active plantation is an efficient way in improving this kind of infertile soil 
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vulnerable of nutrient leaching (Virgonia 1990). 
One goal of this chapter is to determine the difference, if any, in edaphic 
properties between the two grassed slopes, which were later used for planting 
experiment (Chapter 4). Any differences obtained in plant performance between the 
slopes would therefore have a ground for discussion. Here it can be concluded that 
there was no major difference in the parameters analyzed other than conductivity, 
TKN, available P and exchangeable Ca. Both soils were non-saline, while the 
concentrations of other parameters that varied were within ranges that are insufficient 
to plant growth (Landon 1991). 
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CHAPTER 3 NATIVES PERFORMANCE IN REVEGETATION ON CDG -
1. C O M M O N PLANTATION SPECIES 
3.1 Introduction 
In the reforestation history of Hong Kong, exotic species have been dominating 
the planting list for several decades. The most common species used are Acacia spp., 
Casuarina spp., Eucalyptus spp., Lophostemon confertus and Melaleuca spp. (Table 
3.1). Nevertheless, some natives, like Schima superba and Cinnamomum camphora 
have drawn much attention in the last few decades. The former is the most 
frequently planted native after Pinus massoniana. C. camphora is, however, 
regarded as a naturalized species (Nicholson 1996，Zhuang and Yau 1999, Hau 2000). 
More natives are tried in various plantation programmes recently, but the list has not 
been expanded much so far. With this short list, monoculture of natives can be 
expected to occur commonly in plantations, as in many exotic plantations (Kwok and 
Corlett 2000). In fact, a majority o f reforestation projects in the recent past was 
dominated by one to a few species in many countries (Horowitz 1990). 
Among these natives, the number of the most extensively used species confines 
to about twenty. Depending on the purpose of plantation and the conditions of the 
sites, different combinations of these "core species" are used. On barren hills and in 
CO Lin try parks, Gorcioina axillaries, Schima superba, Sapium sp., Cinnamomum 
camphor a, Celt is sinensis, Castanopsis fissa and Ficiis micro carpa comprised the 
largest portion of the native planting lists (Zhuang 1997, Chong 1999, Lau and Fung 
1999), whereas in many rehabilitation programmes of landfills, borrow areas and 
quarries, shrubs like Mel as to ma sp., Rhaphiolepis in die a and Rhodomyrtus tomentosa 
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Table 3.1 C o m m o n exotics and natives in rehabilitation programmes in 1990s. 
Plantation 
Spccies Family Origin' P" W ' B^ V ( f 
Acacia cniriciilifoniiis Mimosaceae E • • 參 • • 
Acacia confiisa Mimosaceae E • 鲁 • 參 春 
Acdciii "mngiimi Mimosaceae E • 參 鲁 
Albi:iu M)t)ek Mimosaceae E • • # % 
Ccistauopsis fissa Fagaceae N • • • 
CasLicirina equisetifolia Casuariiiaceae E • • # # # 
Ce/ri.s sinensis Ulmaceae N • • • • 
Cimwm(川umi camphorci Lauraceae N • • 參 • • 
E lie CI/]•/：) t LIS cnrioclora Myrtaceae E 參 • • 眷 
Eiicalypnis mhiisla Myrtaceae E 會 • • 參 
EucalypHis lorrehaini Myrtaceae E • 參 參 參 
Fie us iiiicmccirpci Moraceae N • 參 眷 蜃 鲁 
Gordonici cixiUiaris Theaceae N 鲁 會 • # 
Leuccicnci leLicoccphcilci Mimosaceae E 參 • • 
LiqiiKlainhar JorDiuscinci Hamamelidaceae N 參 • 參 眷 • 
Lit sea ciiheba Lauraceae N • • 
Liisea ghitiuusci Lauraceae N � • � �� 
Lophostcinoii confenus Myrtaceae E • • • • # 
Mad III us hivM flora Lauraceae N • • 
MeUilciicci leLicadendroii Myrtaceae E • 
Mekisioina scingiiineLiin Vlelastomataceae N • • • 
Punis clliotlii Pinaceae E • • • • 
Rluiphio/c^pis indicci Rosaceae N • • • • 
Sapiuni sebiferum Eiiphorbiaceae N 參 參 參 眷 參 
SapiLim discolor Eiiphorbiaceae N • • 春 • • 
Sc heftier a octophylla Araliaceae N • • • 
Schima superba Theaceae N • • 
丨 E: exotic; N: native/naturalized 
‘Count ry parks (Lau and Fung Fung, 1999; unpublished country park data) 
Government woodland (Lau and Fung 1999) 
4 Tai Tong East Borrow Area (Binne and Partner 1988) 
-Landfi l ls (Jordan Valley, Ma Yau Tong, Ngau Chi Wan, Pillar Point, Sai Tso Wan, Shiien Wan, Tsemig 
Kvvan 〇） 
(> Quarries (Anderson Road, Lam Tei, Shek O) 
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have also given much attention (Table 3.1). 
Though there were a number of planting trials, those that had a systematic and 
relatively complete record of species performance were few. Species tested were 
either exotic or they were tested on contaminated sites (Chan et al. 1991). The 
planting trial of A F C D in Tung Chung (Lay et al. 1999, Chan 2001) provided almost 
the first comprehensive record of natives performance on non-polluted lands locally. 
It indicated that, among the most common natives, S. superba and G. cixillaries had 
high survival rates of 70.0% and 43.0% respectively; growth rate of S. superba was 
also the highest (44.8 cm y'') (Chan 2001). 
However, the Tung Chung study was limited by various factors, which made the 
result not widely applicable. Firstly, the site is a mixture of granitic and volcanic soil, 
with volcanic materials being the majority. In addition, the site was originally a 
shrub land which was burnt by hillfire prior to plantation establishment. 
Regeneration of original plants after fire greatly increased the competition stress 
posted on the planted seedlings. These indeed reduce the representativeness to 
degraded granitic sites. Furthermore, the plants were aligned from the top to the 
bottom of the site (which is a slope) by alphabetic order. Such arrangement might 
favour / inhibit the establishment of part of the species under test. 
In this chapter, several common native species were selected and their growth 
perfonmmce assessed on two distant granitic sites. Efforts were paid to increase the 
representativeness of the result. It aimed to evaluate the potential of these species in 
terms of survival and shoot growth in plantation conducted on highly degraded sites. 
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3.2 Materials and methods 
The planting lists for both S O Q and LTQ were obtained from the contractors. 
The species selected for investigation were natives, with two common exotics 
included for comparison. Priority was given to those species that occur on all the 
phases of both sites. One of the exotic references was the leguminous Acacia 
auricitliformls, but it was replaced by A. confusa in LTQ because the former was 
absent at most phases of this quarry. Finally seven natives and three exotic species 
(including the two Acacia spp.) were recruited for the study (Table 3.2). Most of 
them are trees but Garden la jasminoides exhibits shrub-like appearance occasionally. 
Two more species (Rhus chinensis and Sapium sebiferum) with no information from 
the Tung Chung trial were also included. All the plants were planted on site in whip 
size (60 cm to 1 m) with the original soil balls. 
Individual plants were selected from random plots on all phases. The random plots 
were the same as those used for soil analysis, as described in Chapter 2. Replanted 
individuals were prevented by selecting candidates typical in appearance and size 
compared with other individuals of the same species within the plot. For each 
species, one individual was tagged in each plot normally, so for each phase there were 
at least 10 individuals per species, according to the size of the phase. In case when 
there is no specific species within a plot, this individual was found from an adjacent 
area; more than one individual per plot was therefore allowed under this 
circumstance. 
Plant height was obtained from the apical bud of the leading shoot to the soil 
surface. Basal diameter was measured at soil surface with a digimatic caliper 
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Table 3.2 Plantation species studied in the two quarries. 
Species Chinese Name Family Origin Form 
Acacia auriculjformis (AA)耳果相思 Mimosaceae Exotic T 
Acc/aa confusa (AC)台灣相思 Mimosaceae Exotic T 
Lophostemon confertus (LC)紅膠木 Mytaceae Exotic T 
Celt IS sinensis ( C S )朴樹 Ulmaceae Native T 
CinnamoniLim camphora (CC) W Lauraceae Naturalized T 
Ga rde/i la jasn 2 i no ides (GJ) 櫃子 Rubiaceae Native S 
Gordonici axillaris (GA)大頭茶 Theaceae Native S/T 
Rhus chuiensis (RC) 11 膚木 Anacardiaceae Native T 
Scipium sehiferum (SE) 烏木臼 Euphorbiaceae Native T 
Schinui siiperha (SS) 木荷 Theaceae Native T 
S: shrub. T: tree (Anon . 1959, Anon . 1964, Anon . 1972) — 
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(Mitutoyo Corp., Kanagawa, Japan). 
The measurement was done twice on the tagged plants, one in Dec 2000 and the 
other in October 2001. Relative growth rate (RGR) was expressed as relative height 
increment (RHI) and relative basal diameter increment (RBdl). RHI was calculated 
by [ln(H2) - In(Hi )] / T where Hi and H2 were height readings of the first and the 
second measurement respectively; T was the time in year. RBdl was calculated 
similarly (Hunt 1990). Data obtained from less than 5 individuals of a species 
within one phase (due to mortality or loss o f locations) were discarded in calculation 
to min imize the effect o f outliners. The distribution o f species in the quarries is 
presented in Table 3.3. Only Lophostemon confertus and Gordonici axillaries existed 
on most phases in the two quarries. Rhus chinensis occurred on two phases m S O Q 
at the beginning, but the number in one of them was reduced to <5 in the second 
measurement due to unidentified reasons. 
3.3 Statistical analysis 
Paired sample t-test was used to verify the significance of growth of individual 
plants in one growing season. Independent sample t-test was used to determine 
inter-site difference in height of the species, while one-way A N O V A was used for 
difference among phases. Waller-Duncan's Bayes M S D test at p<0.05 (with 
k-ratio=100 for equal replication number) was performed to locate the difference(s) 
after A N O V A (Carmer and Walker 1982, Clewer and Scarisbnck 2001). All these 
analyses were run by Statistical Package for the Social Science (SPSS) for Windows 
Release 10.0.1. 
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Table 3.3 Distribution and sample size of tagged plantation species in the 
. t w o quarries (as at winter 2000). 
Site LTQ S O Q 
Phase L99 L98 L96 SOO S99 S97 
of seedling 2 3 5 1 2 4 
Acacia auriculifomiis 9 14 12 8 . 
Acacia confusa 10 10 8 
Ciniianionriini camphora 15 10 8 
Celt is sinensis 10 8 8 
Gordon ici axillaries 10 10 12 12 9 
Gcirclen ia /asm inoides 11 ii 8 
Lophosienion confertus 10 9 10 16 11 6 
Rhus ch mens IS 18 6(4) 
Sapium sehiferum 9 10 
Schima superba 10 9 6 
* Y O E : Year o f establishment 
Numbers represent sample size in the first measurement. Measurements were taken 
only for cases with replicate number >5. Number in parenthesis represent sample with 
less than 5 individuals in the second measurement. 
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3.4 Results and discussion 
3.4.1 Height and basal diameter at the beginning of study ‘ 
All the individuals measured were planted by the contractors. This 
retrospective study was therefore based on two assumptions. Firstly, it is assumed 
that the initial age of all species seedlings when planted by the contractors was similar. 
Secondly, the dimensions of all seedlings of a species did not vary significantly at the 
beginning. These assumptions make sense as contractors usually get tree seedlings 
in bulk from nurseries according to specifications. Low price is a major concern to 
most contractors, so those seedling available are usually more or less homogeneous in 
quality due to mass production. To optimize the cost and the success rate in 
plantation, seedlings of 1-2 years old (as per general specification, termed "seedling") 
were used commonly in tenders (Anon. 1992). Thus, the initial difference within 
species can be neglected, even when they were planted by different contractors in the 
two quarries. Workers also tended to plant as much seedlings as possible within a 
short period in order to limit the cost per unit area. 
Table 3.4 and Table 3.5 show the height and basal diameter of the plantation species 
of van0us "ages" (years of establishment, YOE) in winter 2000. Only data of Y O E 
2 are used for inter-specific comparison. Acacia spp. {A. auriculiformis and A. 
confiisct) achieved the greatest height and basal diameter among all the species in both 
quarries. This was true on all phases, although A. aunculifornus and A. confusa of 
Y O E 2 differed in height in LTQ. 
Another exotic species, L. confertus ranked second in terms of height and basal 
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Table 3.4 Height (cnl) of plantation species on different phases of the two quarries as 
at \\'inter 2000 . 
Phase / Year of establishn1ent (YOE) 
Spec it' s Site 00 / 1 99 / 2 98 / 3 97 / 4 96 / 5 
Aeu clu {/ lIrl c uli j cJ/"lIIls SOQ 115(43 .0)a 183 (19.4)b 202(125)b 
LTQ - 263 (63.6) 
A cuclu c(J l/jitsu LTQ - 212 (55.3)a 302 (52.3)b 593 (14 8)c 
CII/1I 0 llWII l lllll cU!1Iphoro SOQ 34.4 (19 .1) 38.8 (26.2) 43.8 (27 .6) 
Ce lrls slllel/ sis 
CuulO/llu (uillurl.\ 
C u ,·d (! 1/ 1 ( I j ( I S m 1 n ( ) 1 { If:! S 
Lu ph {)s ! c: /l1 () n co II /i: rr LIS 
RI7lI .)' CI I I Il C' I1 S /S 
SUplLllII seh t/erlllll 
Selllmu sllp er/)(f 
LTQ - 134 (62.3)ab 104 (34 .2)a 
SOQ 36 .2 (l2 .8)b 25.8 (6.14)a -
LTQ - 61.9(7.48) 
SOQ 44 .5 (15.4) 40.0 (1l.8) 
SOQ 56.5 (2l.7) 52.7 (16.5) 
LTQ - 154 (75.8)a 256 (64 .0)b 




112 (26 .0)a 
32.5 (4 .69) 
60.8 (8.70) 65.2 (18.0) 
Figures in parenth eses de note the standard deviations. 
Replicate nurnbe r refe rs to Table 3.3. 
167 (52.3)b 
30 .2 (9.73)ab -




266 (88. 6)b 
Me an va lues sharing the same letters on the sanle ro w are not significantly different in p<0 .05 level by 
V/alkr- 0 unca n 's Ba yes IvISD test (k-ratio= 100) , or for species occurring on only two phases by 
independent samples t-test. 
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Td)le 3.5 Basal diameter (cm) of plantation species on different phases of the two 
quarries as at winter 2000. 
Phase / Year of Establishment (YOE) 
Species Site 00 /1 99 / 2 98 / 3 97 /4 96 /5 
.-Icac'/a aiinciiliforniis S O Q 2.43 (0.83)a 4.12 (0.54)b - 5.18 (2.47)b -
LTQ - 5.38 ( 2 . 0 1 ) - - -
Acacia confusa LTQ - 3.96 (1.26)a 6.63 (2.51)b - 12.5 (2.77)c 
Ciiinunioiniini caniphora S O Q 0.59 (0.22)a 0.87 (0.33)b - 0.63 (0.30)ab -
Cehis sinensis LTQ - 2.08 (0.90)b 1.22 (0.31)a - 2.60 (1.14)b 
Goriloniu axilluns S O Q 0.71 (0.18) 0.63 (0.13) - 0.73 ( 0 . 2 0 ) -
LTQ - 0 .80(0 .12)a - - 1.25 (0.33)b 
Gcirdt'niu lusininoidcs S O Q 0.78 (0.23)a 1.05 (0.27)b - 0.87 (0.26)ab -
Lophosicmon cunfcrtus S O Q 1.02 (0.32)b 1.03 (0.29)b - 0.68 (0.19)a -
LTQ - 2.64 (1.69)a 4.30 (1.23)b - 4 .40(1 .21)b 
Rhus c/iiiicnsis S O Q 0.90 (0.30) 0.82 ( 0 . 2 3 ) - - -
Sapuiin SL'hifc^rinu LTQ - 1.81 (0.53)a - - 4.59 (1.74)b 
Schinia supcrba SOQ - 0.82 (0.31) - - -
LTQ - 1.10 (0.33) 1.34 (0.38) - -
Figures in parentheses denote the standard deviations. 
Replicate number refers to Table 3.3. 
Mean values sharing the same superscript letters on the same row are not significantly different in 
p<0.05 level by Waller-Diincan's Bayes M S D test (k-ratio=100), or for species occurring on only two 
phases by independent samples t-test. 
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diameter. Its size was not greatly ahead the other natives in SOQ, however. In 
LTQ, the third and the fourth tallest species were C. sinensis and X sebiferum 
respectively, depending on the age. This was also reflected in their basal diameter. 
In SOQ, the third and the fourth were R. chinensis and G. jasmmokles respectively, 
followedby C. camphora followed. However, it was obvious that these latter three 
species were not good performers actually. Normal practice of plantation recruited 
seedlings of about 15-90 cm tall (Anon. 1992). The height of these species on the 
site were still within this range, even after a few years of establishment. This 
indicates that although they were able to survive in SOQ , their growth was limited or 
even negative, at least in the phases examined. The variation in height for several 
species like C. camphora, C. sinensis, L. confertus in LTQ and R. chinensis in SOQ, 
which was comparatively large (as reflected by standard deviation), was also noted. 
The worst performmg species were G. axillaris and S. superb a (esp. in SOQ). They 
remained stunted on the site. 
Across the years, obvious height increment was observed in Acacia spp., L. 
conferlus and S. sebriferum, while height fluctuated for C. sinensis and G. axillaries. 
The growth in LTQ was generally better than in SOQ. This was realized when 
comparing the height and growth of L. confertus, and Acacia spp., if the two Acacia 
species could be considered together. This inter-site difference was reflected in G 
axillaris as well. 
G. axillaris and S. superb a showed positive growth only in LTQ. The two 
exotics grew faster in LTQ too. After 2 years of establishment in LTQ, A. 
aiiriculifonuis reached a height of 2.63 m and a basal diameter of 5.38 cm, while L. 
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conferius reached 1.54 m high and over 2.64 cm in basal diameter. The contrast in 
growth for L. coiiferus between two quarries was most obvious, as it did not show 
significant growth between different phases in SOQ. 
Fig. 3.1 presents the differences in seedling height and basal diameter between 
quarries. Only four species, namely A. auriculiformis, L. confertus, G. axillaris and 
S. Siiperha could be compared between sites because sufficient individuals of the 
same age (YOE 2) were available on both quarries. 
In general, all four species attained greater height and basal diameter on Phase 
L99 of LTQ than SOQ. The difference in height between sites was significant at 
p<0.001 level, while that in basal diameter, with the exception of S. superba, was 
significant at p<0.05 or p<0.01. 
It seems that the growing conditions of LTQ were better than those of SOQ. 
The two exotics (/i. auriculiformis and L. confertus) together with two natives {S. 
sehiferum and C. sinensis) grew remarkably well and reached a tree size of about 2 m 
(esp. A. confusa, L. confertus and S. sehiferum) after 5 years of establishment (Table 
3.4). In SOQ, however, only A. auriculiformis was able to achieve this height and 
dominated the canopy of the plantation. 
3.4.2 Relative growth rates of different ages 
Height and basal diameter were measured twice (in winter 2000 and autumn 
2001) so thai the growth within one growing season could be recorded. In this 
retrospective study, for an individual of Y O E 1 (as at winter 2000) in Phase SOO, its 
growth in the second growing season was then recorded�-for that of Y O E 2 (in Phase 
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99), It was the third growing season that was investigated, and so on. The 
performance of a species was evaluated with respect to its change in growth rate with 
age (expressed as rate within different growing seasons). Assumption of the same 
age of tree seedlings when planted holds here. R. chinensis was excluded as the 
number of individuals found was less than 5 in S99 during the second measurement. 
Most of the discussion focused on RHI, with RBdl as an secondary parameter for 
comparison if necessary. 
The two exotic legumes grew very rapidly at the early stages, but both RHI and 
RBdl decreased gradually with time (Fig. 3.2 and Fig. 3.3). The two Acacia spp. 
from different sites were quite comparable in terms of growth rate. The leveling off 
of these relative growth rates (RGRs) was reasonable when the tree had achieved 
larger size, making the proportion of further increment less significant (p>0.05). 
The trend in L. confertus was similar, but its growth was less remarkable than 
that of Acacia spp. in S O Q at the very beginning, although the RHI seemed to 
beconiparable to that of A. auriculiformis in the Y O E 2 (Fig. 3.4). With a small 
initial value, a small increment would have a great effect on RGRs. Nevertheless, 
the growth of L. confertus became insignificant from the Y O E 2 in SOQ. In LTQ, 
the decline of RHI for this species was slower and this parameter remained significant 
even in the Y O E 5. 
For the natives, the response varied among species and between sites. While G. 
axillaris showed significant increase in RHI in the Y O E 2 in LTQ (Fig. 3.5), its 
growth in other growing seasons was difficult to be detected. Worse still in SOQ, a 
negative growth was recorded in Y O E 1 and Y O E 2. This was resulted from 
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die-back of the stem and it was common when the apical region of a plant had been 
damaged. Nevertheless, RHI gradually increased from negative to positive, as 
happened in superba (in LTQ) (Fig. 3.6). This pattern of RHI change also 
occurred in G. jasniinoides, the RHI of which gradually increased approximately 
from -0.5 in the Y O E 1 to +0.1 in the Y O E 4. This improvement in RHI might be 
resulted from the cut down of initial height value in calculation, but genuine 
enhancement should also be possible as a result of plant adaptation on site. This was 
verified by the comparable initial height among phases for G. axillaris (SOQ) and S. 
superha (Table 3.4), but this might not be the case for G. jasminoides, since there was 
an obvious reduction of initial height for older individuals, although not very 
significant (Fig. 3.7). C. sinensis and S. sebiferum were the two fastest growing 
species as discussed. S. sebiferum showed significant RHI (p<0.001) in Y O E 5 (Fig. 
3.8), but a negative growth in the Y O E 2. For C. sinensis, it failed to show a 
significant RHI even though an RHI of 0.4 has been recorded (Fig. 3.9). 
Furthermore, a negative R H I value was obtained in the Y O E 3. Variation among 
individuals was a possible source of this unexpected discrepancy in these two 
outstanding natives. A significant RBdl was detected in the Y O E 2 and the trend in 
RBdl was similar to that in the fast growing exotics. C. camphora performed quite 
poorly. It even grew negatively at elder stages (Fig. 3.10). Some species showed 
decrease in basal diameter, which might be resulted by measurement error due to the 
change in soil level (e.g. thickening by accumulation of soil matrix after rain). The 
picture of RGRs could be much clearer if the species were more widely distribLited 
(with sufficient individual number) in greater number of phases. 
78 
L T Q y mm Height 
— 丁 I I Basal diameter 
] . T III 
0.0 H m-rn — 1 Y^ ^ b -0.1 - • 
i I 




-0.4 ^ 1 -n 1 1 1  
1 2 3 4 5 
YOE 
Fig. 3.6 Relative growth rates of Schima superba in LTQ. 
Error bars denote standard errors. 
7 9 
S O Q mm H e i g h t 
0.2 - I I B a s a l d i a m e t e r 
* 




-0.8 ^  1 1 n 1 1  
1 2 3 4 5 
Y O E 
F i g . 3 . 7 R e l a t i v e g r o w t h ra tes o f Gardenia jasminoides i n S O Q . 
Error bars denote standard errors, 
significant positive growth at p<0.05. 
8 0 
L T Q mm Height 
“ I I Basal diameter 
. 叫 II 
E • T 0) • b 0.1 - • n 
^ T i n 
^ • 
I 0.0 J ^ H-^   
^ f 
-0.1 -
‘ -0.2 ^  1 1 1 1 i  
1 2 3 4 5 
Y O E 
F ig . 3 . 8 R e l a t i v e g r o w t h rates o f Sapium sehiferum i n L T Q . 
Error bars denote standard errors. 
辦：sigQificant positive growth at p<0.001. 
81 
0.7 -1 —   
L T Q H i Height 
〇 6 _ T I I B a s a l d i a m e t e r 
I 
0,5 -
1 • 丁 
g _ ri 
.E 0.3 - • 丁 
I •丄 丁 
I 0.2 - 圓 ^�� I rh |l 
0.0 J i - L J ^ ^  
-0.1 ^  1 1 1 r 1  
1 2 3 4 5 
Y O E 
Fig. 3.9 Relative growth rates of Celt is sinensis in LTQ. 
Error bars denote standard errors. 
* 沐 sigmficanl positive growth at p<0.001. 
8 2 
0.8 n — 
S O Q H i H e i g h t 







0 0 . 2 」 丁 丄 「^ 
0 � •• • 丄 
0.0 ^  aa-^ T i n i r ^  1 T T r 
-0.2 — 丄 •• 
-0.4 -
-0.6 ^  1 — I I  
1 2 3 4 
Y O E 
F i g . 3 . 1 0 R e l a t i v e g r o w t h ra tes o f Cinnamomum camphora i n S O Q . 
Error bars denote standard errors. 
significant positive growth at p<0.05. 
8 3 
3.4.3 Comparison between sites 
For /I. LiuncLiliforinls, L confertus, G. axillaris and S. superba, although the 
inter-site differences on RHI were not significant in the Y O E 2, plant performance in 
LTQ surpassed that in S O Q by general observation (Table 3.6), and in fact direct 
companson on absolute height or basal diameter between sites (esp. for the two 
exotics) also support this observation (Fig. 3.1). Suppose the difference within 
species was negligible at the time of planting, this discrepancy could then be 
attributed to the di fferences in the growing condition of the sites. 
Although the soil pH of L99 was neutral while that of S99 was acidic, the other 
chemical properties were either comparable between sites, or lower in LTQ than SOQ. 
Factors other than edaphic ones may govern species performance. Difference in 
irradiance and water availability between the quarries can partially explain the 
phenomenon. Rough measurements of surface air temperature with temperature 
recorders in Jul 2001 indirectly indicated a difference in insolation period between the 
two sites. Direct insolation started from about 06:00 to about 14:30 in L99 but from 
about 06:00 to about 18:30 in the south -facing slope of S99 (the major aspect of the 
phase). LTQ was more shaded when compared with SOQ. 
A hydrological model for the difference in engineering approach between sites is 
also proposed lo explain the difference in soil water availability between the two sites. 
The design of the scree slopes of S O Q limited the amount of water trapped by the thin 
soil layer. It also facilitated the downward movement of water within the soil layer 
above the rocks underneath. The water was finally leached out from the base of the 
slope (Fig. 3.1 la). This process was relatively fast due to the greater slope 
8 4 
Table 3.6 Relative height increment rate in the 3'''' growing season of four planted 
species in Phase 99 of the two quarries. 
Species S O Q L ^ t-test 
A. auricitlifonriis 0.311 (0.186) 0.416 (0.161) n.s. 
L. confertus 0.279 (0.682) 0.409 (0.491) n.s. 
G axillaries -0.110 (0.363) 0.027 (0.031) n.s. 
superba 0.006 (0.092) -0.218 (0.506) n.s. 
Figures in parentheses denoted standard deviation. 
n.s.; No significant inter-site difference detected at p<0.05 level in independent sample t-test. 
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angles (35。-45、)). For LTQ, the same happened, but the speed should be slower 
because the gradient was much smaller in general (Fig. 3.11b). 
Furthermore, the proximity of the soil layer to the platform enables a better and longer 
accessibility to the temporary water table generated in heavy ram. In fact, where 
water is available, through capillary action it is more readily to move up the soil layer 
in LTQ due to this proximity. The verification of this proposed model needs a 
detailed hydrological study. 
Comparison of standing height and basal diameter among studies were 
presented in Table 3.7. The growth of A. aiiriculifonms and L. confertus was 
comparatively fast in LTQ and in Tai Lam Country Park (AFCD, unpublished data). 
However, /i. confusa grew much faster in LTQ than in SOQ. For the natives, in 
general, they were able to achieve greater height in the country parks, the Tung Chung 
burnt volcanic site (Chan 2001) (for G. axillaris) and in other sites (e.g. K P B G 
grassland and shrubland (for C. camphor a and S. superba) (Hau 2000) than in the two 
quarries under invesligation, when individuals of the same age were compared. 
Those planted in LTQ had much closer values in height and basal diameter to the 
counterparts in the other studies. Unfortunately a complete set of comparable data 
was not available from these studies, and again the assumptions for retrospective 
study should hold lo validate this conclusion. 
Tlie natives C. sinensis, C. camphora and S. sebifemm are in fact serious weeds 
in some regions such as Texas in the US (Barrilleaux and Grace, 2000; Panetta, 2001). 
The studies of their growing requirement on other soil types are quite extensive. For 
example, watering has been shown to be a detemiining factor to the growth of S. 
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Table 3.7 Height (cm) / Basal diameter (cm) of several plantation species of 
,different Y O E in various studies. 
Y O E 
Species 1 2 3 4 5 ^  
/I. aunculifornus 115/0.8 183/4.1 -/- 202/5.2 -/- SOQ! 
-/- 263/5.4 -/- -/- -/- LTQ' 
120/1.6 280/4.0 300/4.5 320/5.0 350/6.0 T T M C " 
A. confusa -/- 212/4.0 302/6.6 -/- 593/12.5 LTQ 
70/1.2 -/- 200/3.0 180/2.2 180/2.5 T T M C 
C cumphora 34/0.6 39/0.9 -/- 4 4 / 0 . 6 S O Q 
43/- -/- -/- 34/- 44/- TC" 
-/- 57/0.8 -/- -/- -/- K A R C H S H ' 
G axillcirJes 36/0.726/0.6 3 0 / 0 . 7 S O Q 
-/- 62/0.8 -/- -/- 67/1.3 LTQ 
-/- -/- 80/0.9 -/- -/- T T M C 
28/- -/- -/- • 90/- 98/- TC 
L. confertiis 57/1.0 53/1.0 -/- 53/0.7 -/- S O Q 
-/- 154/2.6 256/4.3 -/- 330/4.4 LTQ 
80/1.2 260/3.5 270/4.0 300/4.0 320/4.5 T T M C 
superba -/- 33/0.8 -/- -/- -/- S O Q 
-/- 61/1.1 65/1.3 -/- -/- LTQ 
59/- -/- -/- 174/- 238/- TC 
-/- 73/0.8 -/- -/- -/- K A R C 
'Present study. "TTMC: Tai Tong Management Centre, Tai Tarn Country Park ( A F C D , unpublished 
data). T C : Tung Chung (Chan, 2001); ^only sites with individuals o f initial mean height about 0.5 m 
are included for comparison - K A R C : Kardoorie Agriculture Research Centre, HSH : Ho Sheung Heung 
(Hau, 2(300). ^ 
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sehijeriiin (Barrilleaux and Grace, 2000). Therefore, further studies on these species 
may be facilitated with reference to this information. 
3.5 Conclusions 
The results obtained clearly show that growth perfomiance of the exotic species 
was better than most of the natives studied especially m the first few years after 
planting. Among them, Acacia species had high adaptability to different sites 
(represented by two quarries here), while L. confertus was comparatively weak on 
some others (e.g. SOQ). Dying back was a common phenomenon in native species, 
and even in some situations in exotics like L. confertus. 
Many of the natives tended to start their positive growth only after several years 
of establishment, if they could survive. But in general, their rate of growth increased 
gradually with time in the first 6 years (e.g. Gonlonia axillaris and Gardenia 
jcisnunoides), in contrast to the exotics (which exhibited rapid growth immediately 
after planting) and at least one fast growing native, C. sinensis, which had a high R G R 
at the beginning. In fact, C. sinensis was one of the 10 most commonly planted ； 
amenity trees in the past, indicating its potential use in land restoration (Jim 1990). 
Despite the fact that both sites had in common a C D G substratum of similar 
properties, there was a great difference in plant perfomiance. Water availability and 
irradiation intensity were.suggested as influencing factors. 
Comparing all the species in SOQ, the two exotics had the advantage of having 
high relative growth rate immediately after planting. A. auriculifonnis was valued 
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higher than L. conjertus with respect to their actual height increment for several years. 
Among the natives, all of them exhibited relatively poor performance. 
In LTQ, both the exotics A. confusa and L. confertus had consistently better 
performance than the natives throughout the years. Negative growth was less 
serious in LTQ, but generally the performance of natives was disappointing except for 
C. sinensis and 5. sebiferum. Nevertheless, on both sites, natives started to grow 
positively from about five years after establishment, regardless of species difference 




CHAPTER 4 NATIVES PERFORMANCE IN REVEGETATION ON CDG -
n . THE NEGLECTED SPECIES 
4.1 Introduction 
The native species studied in the previous chapter are those commonly planted in 
rehabilitation programmes. The present species list is indeed very short compared 
with the whole woody native collection of Hong Kong (390 species for trees) (Zhuang 
et cil. 1997). To reduce the risk of monoculture and to enhance local biodiversity, it 
is necessary to expand the current native list for planting. In fact, many natives were 
highly tolerant to even the surface of granite stonewall (Jim 1998a), and their 
suitability to other locations such as degraded lands is therefore worth further study. 
As discussed in Chapter 1, species indigenous to the ecosystem of a place are more 
compatible than the exotic counterparts, as they are able to stay along with the local 
wildlife in harmony. 
4.1.1 Seed dispersal and rehabilitation 
Conventional rehabilitation strategy is to revegetate an area with large number of 
exotics in a short time and leave the site to natural invasion and regeneration. The 
speed of succession is largely unsatisfactory, due to the low attractiveness of plants to 
seed dispersers (especially those without fascinating nectar or fruits), while wind 
dispersal is not usually capable of bringing seeds from a distant source (Dudgeon and 
Corlett 1994, Wundeiie Jr. 1997). Seed dispersers are mainly vertebrates with birds 
and manimals being the most important (Corlett 1996). In Hong Kong there are 
more than 70 species of frugivorous birds but their feeding habits on fruits are rarely 
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obligatory. Among mammals, fruit bats are the most important dispersers in terms 
of efficiency as they defecate while traveling through long distance, as in the case of 
birds. Civets, wild pigs, barking deer, macaques and squirrels also play their roles, 
although their numbers are smaller and thus less important. Other rodents like rats 
LiSLially, if not always, destroy seeds (Corlett 1992a, Dudgeon and Corlett 1994, Hau 
1997). 
With the assets of dispersers and the large pool of potential invaders (85% of 
woody species / 〜500 species bearing fleshy fruits) (Corlett 1992b), some researchers 
therefore proposed new strategies 一 framework species method and niicleation method 
for restoration; i.e., to recruit more species that are attractive to wildlife in order to 
accelerate the invasion process, or to create attractive nuclei for recolonization 
(Robinson and Handel 1993, Forest Restoration Research Unit 1998). Species that 
provide feeding or roosting site for local birds or bats draw much attention in this 
aspect (Robinson and Handel 1993, Wunderle Jr. 1997). These animals attracted to 
the plantations speed up vegetation regeneration and increase the floral diversity 
through inlroducing seeds from remote seed sources when they defecate or discard the 
seeds during foraging. The seeds ‘‘sowed’，through various ways (Jordano 1992) j 
would have adequately processed for germination. The approach of revegetation 
with the use of seed clisperser is worth further investigation since it provides a high 
cost-elTective solution to the question on rehabilitation rate. 
4.1.2 Conservation and rehabilitation 
Degraded areas, to some conservationists, are desirable refuges for conserving 
rare plants and for enhancing biodiversity due to the lack of vandalism (Robinson and 
卜landel 1993, Miyavvaki 1998) and competition. Planting rare tree species, which 
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may have lost its natural dispersers, or rely on wind or mechanical devices for 
short-distance dispersal can therefore be incorporated in rehabilitation schemes to 
enhance biodiversity. 
4.1.3 Framework species 
In this chapter, a planting trial on more than ten natives was conducted. It 
followed the new strategy of restoration and aimed to expand the current natives list 
in a way to accelerate natural invasion, and to diversify our plantation habitats with 
more species of restricted distribution. Information on some plant families recruited 
in this study was given for reference (Table 4.1). The framework species for this 
study included those which bear fruits for birds with small gape width and those with 
fruits that are too large for efficient dispersal locally (PaiTotta et al. 1997a). Oaks 
(Fagaceae) belong to the latter, but they are the extreme case as their major dispersers, 
squirrels (Zluiang and Corlett 1997) had been extinct locally. The present squirrel 
communities are probably introduced (Dudgeon and Corlett 1994) and may not be 
very efficient for the re-establishment of these species. Native legumes and species 




higher survival and growth rates from the experiences with their exotic counterparts ‘ 
(e.g. Eucalyptus spp., Lophostemon confertus and Melaleuca leiicadendron). It is 
hoped that the findings obtained can provide insight to the performance of the 
selected native species for future rehabilitation. Although the species number tested 
was limited, it might initiate and act as a reference for further research on other native 
species. 
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Table 4.1. Local importance and dispersal mechanisms of some families included in 
the study. 
Notes 
E叩horbiaceae Family from tropical regions, locally abundant (esp. feng 
shui wood) 
Fagaceae Family from subtropical regions, largest tree family in 
Hong Kong, locally important, dispersers: squirrels 
(locally rare at present) 
Lauraceae Family from subtropical regions, locally abundant, 
bearing fleshy fruits, mostly dispersed by birds, 
dominant from montane to lowland secondary forests 
Leguminosae (3 Families) Mostly nitrogen fixing, important family of exotics 
Myrtaceae Family from tropical regions, important family o f exotics 
Theaceae Family from subtropical regions, mechanically/wind 
dispersed, common in secondary and feng shui forests. 






4.2 Materials and Methods 
4.2.1 Species selection 
To meet the objectives, species selection was the first and a very important part 
of this experiment. There were several criteria for the species to be chosen in the 
trial planting. Two exotics, namely Acacia auriculiformis and Lophostemon 
confertus^ were used for comparison because of their popularity and fast growth in 
plantation. The former is a N-fixing legume while the latter is not. The species 
were native to Hong Kong with sufficient seedling stock supply. These information 
were obtained from the literature (Thrower 1988，Corlett 1992a, Corlett 1992c, 
Corlett 1996, Dobson et al. 1997, Zhuang et al 1997, Corlett 1999, Lui 1999) and 
nurseries. Commonly used species for restoration (those planted mainly in Country 
parks were not taken into account) were excluded and species that had not been tried 
on degraded sites were given the preference. The rest were screened with respect to 
their dispersal mechanisms. Priority was given to those species that either have their 
seed dispersers (specialized frugivores) extinct locally, bear attractive fruits for 
opportunist frugivores, or rely solely on mechanical dispersal (Anon. 1959, Anon. : 
1964, Corlett 1992a, Corlett 1996). Species thus were either of low dispersal 
capability, or having high attractiveness to seed dispersers. The candidates were 
selected so that a larger number of families would be represented. Preference was 
given to Fagaceae, Lauraceae and Euphorbiaceae, which were abundant and important 
local 1:1 ora (Dudgeon and Corlett 1994). The final list included two exotics and 17 
natives (Table 4.2), seven of which had been tested in afforestation programme” at 
Tung Cluing (Lay et a I. 1999，Chan 2001). 
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Table 4.2 Species selected for the planting experiment. 
Species name 中文名稱 Family Form Fruit type' Disperse!- Remarks 
Acucu! ciuriciiliforniis''' 再果相思 Mimosaceae T Pod 
Lophosiciuon confertus''紅J]翏木 Myrtaceae T Capsule 
Casicmopsis concimici 毛葉栲栗 Fagaceae T Nut (1) S? 
ClioL'msi)(川(Ims axillaris 唆棗 Anacardiaceae T Drupe (2.5) D,P F 
Cordiu (lichotuma 破布木 Ehretiaceae T Drupe (10) 
Diospvros iiiorrisicina 羅浮扣J Ebenaceae T Berry (1.8) B ,C 
Elacoccirpiis c/iincnsis i f tL^^^ Tiliaceae T Drupe (<1) F 
Eiulospc'i-niiiiii cliincnsc 黄桐 Euphorbiaceae T Drupe (1) F 
Lidiocarpus liarlandi 夏蘭调 Fagaceae T Nut (1.8) S F 
Machiliis veluiinci 絨楠 Lauraceae T Drupe (0.4) B F 
OniwsKi cnuirgiiKilci 凹葉糸Lil Papilionaceae T Pod F 
Pvgciini lopcugii '臀果木 Rosaceae T Drupe (1) F 
Oucrcus cluinipionii 黃背f樂 Fagaceae T Nut (1.2) S F 
OiiercLis cdUhdc 厚葉t樂 Fagaceae T Nut (3) S F 
Svmplocos glciiicci -羊舌-植il. Symplocaceae T Berry (1.5) F 
Syivgiiiin cLuuini 、海南fl桃 Myrtaceae T Berry (1) B 
Thespesid popuhica 糸散楼等 Malvaceae T Capsule 
Tmchcna speaahi/is ； E f 筆 T h e a c e a e T Capsule (3) 
yUc.x (jiiiiuild 山牡荆 Verbenaceae S Drupe (<1) 
'•'Exotic species 
‘Numbers in parentheses indicate m in imum diameter (cm) of spherical fruits (Anon. 1959, Anon. 
1972. Anon. 1977). 
T: tree: S: shrub (Anon. 1959, Anon. 1972) 
F: also found in feng shui wood (Chu and X ing 1997) 
B: birds; C: civets; D: barking deer; P: wild pigs; S: squirrels (Carmer and Walker 1982, Corlett 
1992a. Coiierr 1992b, Corlett and Ping 1995, Corlett 1996) : 
I 
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4.2.2 Planting area 
The planting trial was carried out on a newly formed berni in Area C of Shek O 
Quarry (Plate 4.1). A tota] area of about 1800 was offered by the contractor. 
The berm, with an elevation of up to 110 m above the sea level, had its engineering 
works completed in May 2000. It is comprised of two scree slopes, the typical slope 
engineering form in this quarry (Section 1.6.3). They are of opposite aspects. One 
of them runs southwestwards (named slope CS), facing the sea, while the other is 
northeasterly facing (named slope CN), in front of the Dragonback Range of the Hong 
Kong Island (Plate 4.2). The gradient of the slopes lied between 35° and 45"" and 
slope CS is generally steeper, and average around 40". Before the area was handed 
over for this project, like the other slopes in the quarry, it was covered with C D G of 
about 500-600 m m in depth, compacted by excavator armed with hydraulic compacter. 
The slopes were then covered with erosion control mat (Geomat™) before 
hydroseeding. The seed mix consisted mainly of Paspalum notatum and Cynodon 
dcLctyloii. The seeded slopes were protected by biodegradable Bemnet mat before 
the grass established. The planting trial started after the grass establishment. 
i 
4.2.3 Planting scheme 
The seedlings were planted in randomized blocks. Totally 40 blocks were set 
up in the area. Twenty of them were aligned in two rows (each of ten blocks) on 
slope CS while another twenty were located on slope C N m similar arrangement (Fig. 
4.1). The seedlings were planted in 1.5 m x 1.5 m spacing, as in many tree planting 
practices (Horowitz 1990, Kirkbride and Forbes 1994, Hau 2000). Nineteen 
individuals from different species of our planting list were then randomly 
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Plate 4.1 Berm for the planting trial in Area C, Shek O Quarry (a) 




Plate 4.2 Location and orientation of the planting berm. 
Aerial photos reproduced with permission of Survey and Mapping Office, Lands Department, HKSAR. 
©Copyright reserved. 
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arranged in each block in a 4 rows x 5 columns manner, leaving the top-right corner 
free o「seedlmg (Fig. 4.2). Seedlings of the same species from different nurseries 
wei-e evenly allocated to the plots on each side. Totally there were 760 seedlings of 
19 species planted in 40 randomized blocks on two slopes. 
4.2.4 Planting protocol 
Seedlings of about 1-2 years old, and with height of 15 cm - 90 cm were used. 
This IS the popular seedling size adopted for woodland mix plantations (Anon 1992) 
The seedlings were imported from two local nurseries, namely A F C D Tai Tong 
Nursery and IvFBG Native Tree Nursery. To increase the genetic variety of the 
individuals, half of the seedlings of a species were recruited from each nursery if 
stock was available. They all came in polythene soil bags o f different sizes 
(Appendix III), implying that there will be an unavoidable difference in the initia] 
rooting volume. Majority of the seedlings were between 20-40 cm in height when 
being planted (Appendix III). They were temporarily stored in our nursery with 
regular watering before transplant. 
:丨 
The planting started from 8 May 2000 and finished on 8 June 2000 (within the 
early growing season of Hong Kong). Different species were planted in blocks in 
order to reduce the effect of planting delay and climatic variation on the treatments. 
Pit planting was adopted with pit size of about 30 cm in diameter and no less than 20 
cm in depth. The pits were made after the removal of erosion control mat, which 
was then placed back after planting. The plants were watered on the same day after 
planting to create a wet soil condition, which enables better contact of roots to the 
new substratum. 
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Fig. 4.1 Randomized block arrangement on slopes C N and CS. 
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i i 
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Fig. 4.2 Al ignment o f tree seedlings within a block. 
Individual trees planted (planting plots) were represented by “X’，s. 
) 
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Water was supplied during extremely dry days in the first month after planting. 
After one month, quick release fertilizer (Nitrophoska® N:P:K=15:15:15, BASF, 
Aktiengesellschaft, Germany) was applied in a dosage of about 50 g per plant 
(equivalent to 33.3 kg N ha ' and 14.6 kg P ha') with reference to local conventional 
practice (Chong 1996, Cheung 1999). The fertilizer was added at about 30 cm 
Lipslope from the seedlings and covered with soil. 
4.2.5 Field measurements 
4.2.5.1 Plant performance 
A seedling was regarded as dead when it possessed no green and fresh leaves nor 
any living buds for regeneration, especially when there was a symptom of drying up 
in the young stems. The height and basal diameter were measured with a long ruler 
and a Diginiatic Caliper (Mitutoyo Corp., Kan ag aw a, Japan) respectively. Leaf 
number was also counted in a scale of 1-10, 10-19, 20-29, 30-49, 50-69, 70-99, 
100-199, 200-299, 300-499 and >500. The measurements were the same as those 
described in Section 3.2. Survival and growth data were collected once every four ； 
(i 
months, from June 2000 to Oct 2001 (roughly covering two growing seasons), except 
Feb 2001 ill which only survival was recorded. Relative growth rate was expressed 
in two parameters, namely, relative height increment (RHI = [ln(H2) — ln(Hi)]/time) 
and relative basal diameter increment (RBdl = [ln(Bd2) - ln(Bdi)]/time) (Hunt 1990). 
Plant ecophysiological status was also investigated as an index of plant health. 
Chlorophyll fluorescence was measured, as it is a good indicator of plant 
photosynthetic per form a ace (Maxwell and Johnson 2000). Minimal (Fq) and 
1 0 2 
maxiimil (F J chlorophyll florescence values were determined with a Plant Efficiency 
Analyzer (Hansatech Instruments Ltd., King's Lynn, UK) in Feb 2001 and July 2001. 
For each slopes, ten individuals, unless there was seedling loss, of each species from 
alternate blocks were measured. Three newly mature leaves (mature phyllodes for 
/lea CI a auriculifonuLs) were randomly selected from the individual plants. The 
number mighl be reduced only if the plant did not have sufficient leaves or the leaves 
were too young for the measurement. For Onnosia emarginata, the terminal leaflet 
was used to represent the whole leaf. Each measurement lasted for 5 seconds after 
30 minutes dark adaptation. A light intensity of 80% was set as the default. F/Fm 
was automatically calculated by the instrument. All measurements of a plot (i.e. 
measurements for all 19 species) were completed in 30 min within a fixed period in 
the afternoon (Fetcher et al. 1996) and equal number of plots from the two slopes was 
taken on the same da v. 
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4.2.5.2 Microclimate and soil physical properties 
Possible significant differences in physical conditions on the two planting slopes 
were noted mid-way in the study period. Field hydraulic properties, soil temperature | 
and moisture were therefore measured accordingly. 
According to Darcy's law, matric flux potential ((|)m) and the field-saturated 
hydraulic conductivity (thereafter hydraulic conductivity, Kfs) are the major factors 
governing water flow in unsaturated soil (Brady and Weil 1999). An in-situ study 
was ill ere lb re earned out to determine the soil water flow regime, which also 
influences the field capacity, permanent wilting percentage and finally the available 
water holding capacity. It has a strong implication on the water availability to plants. 
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A Giielph Permeameler 28001(1 (Soilmoisture Equipment Corp., Santa Barbara, USA) 
was set up vertically on the slopes and the rate of water flow in the reservoir was 
measured in the random plots selected in Chapter 2 (i.e. 15 samples for each side of 
the berm). Hydraulic conductivity (Kfs) and matric flux potential (小⑴）were 
calculated as follows: 
Kr, = (0.0041 xCXR2)-(0.0054XCXR,) 
(t)m=(0.0572xCxRi)-(0.0237xCxR2)� 
where C is the reservoir constant of the permeameter; R| and R2 are the steady state 
rates, of water flow when the heights of water in the well were set at 5 cm and 10 cm 
respectively. 
Soil thermometer was installed at a reference point on each slope to measure the 
belovvgroLind temperature (at a depth of 15 cm). Soil surface temperature was 
recorded by an automatic weather station (Weather Wizard III, Davis Instruments, 
Hayvvard, CA, USA). Surface temperatures at 11:00, 13:00 and 15:00 (which cover 
the hottest period within a day) were taken for comparison between slopes. Due to 
equipment constraint, measurements of both the surface and underground temperature 
丨：丨 
were conducted in discontinued days from Feb 2001 to Nov 2001. 
Soil moisture within a depth of 15 cm was measured by time-domain 
retleclomelry (TDR) technique using a Trase System I (Model 6050X1, Soilmoisture 
Equipment Corp., Go 1 eta, USA). Readings were taken from a reference line vertical 
to the berm top at about 3 m intervals (i.e. alternate plots). Totally there were four 
levels measured on each slope (labeled as 2, 4, 6 and 8 upslope) (Fig. 4.3). Two 
measurenienis were done at each level. One of them was taken in the region with 
short grass cover (<10 cm in thickness) while the other with long grass cover (>20 cm 
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Fig. 4.3 Points ot measurement on soil moisture. 
L e v e l I to 4 b e l o n g e d to t he l o w e r p l a n t i n g b l o c k . L e v e l 5 to 8 b e l o n g e d to the 
u p p e r p l a n t i n g b l o c k . 
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m thickness) in order to determine the effect of shading on soil moisture between 
them. The difference in grass length was a result of uneven effect of fertilizer, which 
concentrated near the seedlings. Readings of moisture were taken under different 
weather conditions on discontinued days. 
4.3 Statistical analysis 
Chi-square test was used to analyze differences in counts, for example survival 
rate. Intra-specific differences in height and basal diameter were analyzed by paired 
samples t-test while independent samples t-test or one-way A N O V A were adopted for 
treatment comparison (e.g. slopes and plot levels) and inter-specific comparison 
respectively. Waller-Duncan's Bayes M S D test at p<0.05 with k-ratio=100 was 
performed to locate the difference(s) in the A N O V A whenever necessary (Carrner and 
Walker 1982, Clevver and Scansbrick 2001). Samples with N<5 were not tested in 
A N O V A in this study to minimize biases. 
Non-parametric tests were conducted for analyses of ordinal-scaled data (e.g. 
leaf number). VVilcoxon's test for matched pairs was done to investigate the growth J 
in leaf number, while Mann-Whitney [/-test was used for treatment comparison. All 
these analyses were run by SPSS for Windows Release 10.0.1. 
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4.4 Results and discussion 
4.4.1 Genera丨 pei-formance of the planted species 
4.4.1.1 Survival rate 
Sixteen months after planting, the two exotics, Acacia auriculiformis and 
Lophosienion confertus were, not surprisingly, the highest in survivorship (survival 
rate >80%) (Fig. 4.4). Two natives, Vitex quinata and Thespesia populnea had 
similarly high survival rates, while Syzygium cumin I and Cordia dichotoma also had 
survivorship of more than 50%. A few species were just below the 50% line; they 
were Qiiercus chanipionii (48%), Elaeocarpus chin ens is (45%) and the legume 
O linos I a enicirgincUci (40%). Only Endospermum chin ens e, which is found mostly in 
local feng sluii woods (Thrower 1970b, Zliuang et al. 1997, Zhiiang and Corlett 1999), 
completely died off within 8 months (most individuals died within 4 months in fact). 
Pygeuni topengii (another species of feng shui woods (Zhuang et al. 1997)) and 
Tutcheria spectabilis performed also poorly in terms of survival rate. 
Mortality was the highest during early stage of seedling establishment. Most of 
these cases happened within the first 4 months after planting in June 2000. This 
phenomenon was most obvious in the three species having the lowest final survival 
rate. From the to months (Nov 2000 to Feb 2001), which represented the dry 
winter in Hong Kong, natives like Que reus champ ionii, Q. edithae, Elaeocarpus 
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Fig. 4.4 Survi val rate of the 19 species in different months in the planting experiment. ‘ 
* A n a s t e r i s k i n d i c a t e s a s i g n i f i c a n t d i f f e r e n c e in s u r v i v o r s h i p b e t w e e n the s ta r t o f e x p e r i m e n t ( in J u n e 
2 0 0 0 ) a n d O c t 2 0 0 1 at p < 0 . 0 5 l eve l o f o n e - t a i l e d C h i - s q u a r e tes t . 
108 
climensis and Cast an ops is concinna continued their mortality in a large scale. In 
Thespesici populiieci, Cordia dichotoma and some other species, there was an increase 
of survivorship between some measurements. This was due to the regeneration of 
some individuals, which were identified dead in the previous measurement. Greater 
error occurred for species having relatively small leaf number (Fig. 4.7). Typhoon 
damage was not serious in general, except blowing over of a few individuals of 
Acacia auriciiliforniis and Lophostemon confertus in mid-summer 2001. 
4.4.1.2 Growth in height and basal diameter 
、 
Height increment was the highest, as expected, in Acacia aurlcuUfonnLs, which grew 
rather steadily from about 53 cm to 160 cm (Fig. 4.5). However, the other exotic 
counterpart, Lophosteinon confertus, despite a significant increment (〜20 cm), did not 
perform as good as A. aiiriciilifonnis. It only grew very slowly in SOQ within the 
first year, reaching a height of about 60 cm, a value comparable to the height of the 
individuals planted by the contractor (individuals of Y O E 1 on Phase SOO, see Cha. : 
3). 
Among the natives, their growth in height was similar to or less than that of 
Lopliosiciuoii confcrtiis. Within the study period, none of them attained a height of 
50 cm. Significant height increase occurred in Lithocarpus harlancli (〜24 cm), 
Syzygiimi ciinnni (〜15.5 cm), Que reus champ ion ii (〜13 cm), Elaeocarpus chin ens is 
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Fig. 4.5 Average height of the 19 species in different months in the planting 
experiment. ； 
A s t e r i s k ( s ) i n d i c a t e s a s i g n i f i c a n t p o s i t i v e i n c r e m e n t in h e i g h t f r o m J u n 2 0 0 0 to O c t 2 0 0 1 at p < 0 . 0 5 , ‘ 
p < 0 . 0 1 a n d p < 0 . 0 0 1 f o r ** a n d * * * r e s p e c t i v e l y . 
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(〜12 cm) (p<0.001), Orniosici emarginata (-11.5 cm), CorcUa cUchotoma (〜6 cm) and 
Casianopsis concinnu (-2.5 cm) (p<0.01), while no obvious height increment was 
detected in Thcspesia populnea (〜2 cm), Quercus edithae (〜4.5 cm), Pygeum topengu 
(〜2 cm) and Maclulus vehuina (〜1 cm). There were negative height increase in 
cjiiinciicL TiiicJieria spectahilis, Syrnplocos glauca, Diospyros morrisiana and 
Choerospundias axillans. This happened because of wilting or die back of the upper 
part of the seedlings, as happened similarly in some species planted by the contractors 
(Cha. 3). For Cordia dichotoma, a rapid growth was achieved in the first four 
months until winter, when newly appeared branch tip started to wilt. It could 
therefore be predicted that the height of this species would display a fluctuating 
pattern through seasons. 
Acacia uitnculiforrnis was again the best species in terms of basal diameter 
increment (from less than 1 cm to more than 3.5 cm) (Fig. 4.6). Among the natives, 
the fast growing species in terms of girth were, in descending order, Syzygium cum in i 
(0.37 cm), Cord la dichotoma (0.35 cm), Elcieocarpus chin en sis (0.27 cm), Quercus 
chanipioniL (0.27 cm), Lithocarpus harlancli (0.23 c m ) and Or mo s la emarginata (0.20 
cm). OLierciis edithae also had an significant increa.se (p<0.05). Lophostemon 
conferius did not have a statistical significance in increment, although it seemed to 
have a large increase in basal diameter (reaching a diameter of more than 1 cm). 
While 11 was reasonable to have a negative growth in height, similar situation for has a J 
1 1 1 
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Fig. 4.6 Average basal diameter of the 19 species in different months in the planting 
experiment. 
A s t e r i s k ( s ) i n d i c a t e s a s i g n i f i c a n t pos i t i ve i n c r e m e n t in ba sa l d i a m e t e r f r o m J u n 2 0 0 0 to O c t 2 0 0 1 at 
p<0.05, p O . O l and p<0.001 f o r ** and *** r e spec t ive ly . 
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diameter was mainly due to measurement errors (e.g. change of soil level and the 
presence of lignotublar for Lophostemon confertus) or the loss of individuals having 
large basal diameter. 
Taking both RHI and RBdl within the 16 months into account, species that have 
high growth rates were ranked descending!y as Acacia auriculiformis, Syzygium 
cumin Lithocarpiis harlandi. Que reus championil, Elaeocarpus chinensis, Cordia 
dichotonui and Orrnosia emarginata (Table 4.3 Ranking of species performance 
according to different growth parameters.). Surprisingly, the exotic Lophostemon 
confer I us was not very satisfactory in its overall performance in SOQ. 
4.4.1.3 Leaf number 
Having a high growth rate does not necessarily imply that a plant has a healthy 
state in terms of photosynthetic efficiency. For Thespesia populnea, which had a 
comparable survivorship to the exotics, the majority of individual plants kept bearing 
less than 10 leaves within the 16 months (Fig. 4.7). Most of them in fact bore only 
two or three leaves over a long period. This candidate was therefore vulnerable to 
serious damage in any situation leading to leaf loss, for example strong wind. Low 
procUictivitv and growth rate were expected. Similar situation occurred in Cordia 
dichotonui^ of which the leaf number even decreased generally after 16 months. 
Most leaves newly developed in the growing season fell off in the first winter (2000) 
(as ii IS a deciduous tree) and new leaves that grew in the second growing season 
(2001) was less, leading to a net reduction in number. For Symplocos glauca and 
another deciduous species Choerospondias cocillans, there was no obvious change in 
the overall lea「number. However, the latter failed to develop a comparable number 
1 1 3 
Table 4.3 Ranking species performance according to different growth parameters. 
Rank in growth 
Height Basal diameter 
Species increment' increment" Overall 
Acacia aunciiUfonius 1 1 \ 
Cordia dichotoma 8 3 7 
Elaeociirpiis chin en sis 6 5 5 
Lit/iroccii'j)iis luirUindi 2 7 4 
Lophostemon confertus 3 4 3 
Ormosia enuirginata 7 8 8 
Que reus cluiinpionii 5 6 6 
SYZYgium cimiini 4 2 2 
O n l y t up e i g h t s p e c i e s a r e l i s ted h e r e . 
‘ R e f e r to f o r the h e i g h t i n c r e m e n t o f e a c h s p e c i e s . 
- R e f e r to f o r the b a s a l d i a m e t e r o f e a c h s p e c i e s . 
O v e r a l l r a n k w a s the r a n k o f t he ^sum o f the r a n k ’ f o r h e i g h t a n d f o r b a s a l d i a m e t e r , w i t h h e i g h t r a n k 







































































































































































































































































































































































































































































































































































































































and size of greenish leaves after the first fall. 
Species that had the most significant build-up in leaf number was Acacia 
aunculifornus. the majority of which developed to more than 500 phyllodes. The 
others were Lophosicnion confertus. Que reus champLonii, Lithocarpus harlancli, Q. 
edithcie and Onnosia emarginata (p<0.001). Syzygiiim ciinuni and Elaeocarpus 
chin ens Is also showed significant increment (p<0.05) in leaf number. 
4.4.2 General inter-specific comparison 
There was significant difference in the survival rate among species (Table 4.4). 
The majority of the difference (represented by high x") were contributed by seven 
species, of which four, namely Acacia auriculiformis, Lophostemon confertus, 
Thespesici popiilnea and Vitex quinata were extreme in their high growth rate, while 
Endospenmini cluiienese, T. spectablilis and Pygeum topengii died off completely or 
were extremely low in survivorship. The other 12 species were comparable in terms 
of survival rate within the study period. 
Relative growth rate in terms of RHI was used with survival rate for species 
assessmenl. The rale is of advantageous over the absolute height difference since it 
takes account of initial height, reflecting a more objective growth performance for 
comparison. However, care should also be taken when comparing species with great 
difference in initial height to prevent misleading conclusion. 
Eighteen OLII of 19 species were categorized into two major classes (J and II) 
and three subclasses (A, B and C) according to this assessment (Fig. 4.8). 
Endospenuiuu chinense was excluded as its RHI could not be calculated due to its 
1 1 6 
Table 4.4 Comparison of survival rate in the 19 species in the planting experiment. 
！>-
• 
^ 〜 、 •、 (> r^  ^ •、 r— z 〜 、 . ^ b ^ ? ^ ^ -g I C3 .fe s 
i s 1 I 1 I 1 1 ^ i ^ I i 
^^  C^  ：：^ O O) a) C：?- F：： d? k] S wS ^ X  
1 2 7 . 6 6 * * * 
106 *** 
88.28 *** 
7 2 . 5 7 * * * 
5 1 . 5 6 _ 
• • • 嚳 0 鲁 《 » • 春 3 5 . 5 2 * * * 
2 3 . 4 3 * 
• • • • • • • • • • • • 1 2 . 8 3 U . S . 
L L L H 卜丨 H H 
S p e c i e s l a b e l e d w i t h a w e r e i n c l u d e d m t h e x ' t e s t i n the s p e c i f i c r o w . 
A s t e r i s k ( s ) i n d i c a t e s s i g n i f i c a n t d i f f e r e n c e in t h e r a t e a m o n g the s p e c i e s in t h e t e s t , a t p < 0 . 0 5 a n d 
p < 0 . 0 0 1 f o r * a n d 沖丨：respectively. 
“ n . s . ” d e n o t e s t h a t no s i g n i f i c a n t d i f f e r e n c e w a s d e t e c t e d f o r f i i i t h e r e x c l u s i o n o f c a n d i d a t e in tes t . 
L a n d H: O u l i i n e r s a m o n g t h e 19 s p e c i e s , r e p r e s e n t i n g e x t r e m e l y l o w a n d h i g h in s u r v i v a l r a t e 
r e s p e c t i v e l y . 





























































































































































































































































































































































































































































complete eradication. Class 1 was those species having a high survival rate (>0.5) 
while Class II was those having a low survivorship (<0.5). Subclass A included 
those species with RHI higher than 0.405 yreflecting an actual increment of more 
than 50% of the original height; subclass B had lower positive growth. Subclass C 
consisted of those vviih negative growth, which mainly resulted from the die back of 
shoot. Twelve species fell into Class II，having a survivorship of less than 0.5 after 
16 months. Three of them belonged to IIA, having high growth rates, however. 
They were Lithoccirpiis hcirlcuicU, Orinosici eincirguicitci and El a eocci rpus chinensis. 
All of them had survival rate between 0.3 and 0.5. It should be noted that the 
relative growth rate was based only on the individuals that survived at the end of the 
study. Thus the higher the mortality, the less was the reliability of the growth rate 
due lo the greater influence of out liners. 
Six species, namely Que reus champion ii, Tutcheria spectabilis, Machilus 
vein tin a, Ccisiunopsis ccmcuwu, Q. editha and Pygeiim topengii fell into Class 11b. 
The latter did not grow at all within the study period. Symplocos glauca, Diospyros 
inorrisicuKi and Choerospondias axUlaris were the species that had both low 
survivorship and a negative growth. There were categorized into Class lie. 
There were two species having very good performance in terms of both 
SLirvivoi'ship and growth (Class U). They were the exotic legume Acacia 
cuiriciiliforiiiis and the native Syzygium CMinini. Three could strive on the site but 
had a slower growth (Class Ib). They were Lophostemon confertus, Cordia 
dic/ioloiiici and Thespesia populnea. Vitex quinata, though having the highest 
survival rate, had a negative growth rate of about -0.5. 
1 1 9 
參 
Data in Fig. 4.8 were used to form cluster for further analysis, regardless of the 
classes. The largest cluster comprised six species, being moderate in general 
p e r t o r m a n c e . T h e y w e r e Syzygium cumimi, Cordia dichotoma, Quercus championii,‘ 
Elaeoccirpus chinensis, Ormosia emarginata a n d Machilus velutina. T h e s e c o n d 
largest group was the species with a high mortality and a slow growth. They were 
Choerospondias axillaris, Quercus edithae, Diospyros morrisiana, Castanopsis 
concinna and Symplocos glauca, in w h i c h Q. edithae and C. concinna h a v e a c lose r 
relationship with M. velutina of the former group. Lophostemon confertus and 
Thespesia populnea, as well as Tutchena spectabilis and Pygeum topengii formed 
two smallest clusters. Having poor growth performance, the former was excellent in 
s u r v i v o r s h i p w h i l e the la t ter w a s nea r ly 1 0 0 % in mor ta l i ty . Acacia auriculifonnis, 
Vitex quincita and Lithocarpus harlancli did not belong to any group. They were 
extreme cases in terms of performance. 
The e x c e l l e n t performance of Acacia auriculiformis was expected, since it is a 
nitrogen-fixer and originated from arid region in Australia (Anon. 1959). It was 
widely planted in many reforestation and rehabilitation programmes. It grows well 
even in landf i l l c o n d i t i o n (Lui 1999) . Lithocarpus harlandi, on the cont rary , g a v e 
surprising result in the study. Locally it has a rare distribution and is found only in 
high altitude woodlands (Anon. 1959, Zhuang et al. 1997). Though it had only 30% 
of the overall survivorship, once survived, the individuals were able to grow at rapid 
rate. So it should be a potential component of fast green cover for rehabilitation, 
provided thai the limiting factor to its survival was identified and removed. 
4.4.3 Effect of aspect on seedling performance 
Slope CN was no r theas te r ly facing while its coun te rpa r t was j List oppos i t e in 
120 
onenlalion. Their age, gradient and engineering scheme were similar, while the soil 
properties had been analyzed in Chapter 2. Differences were encountered in their 
soil particle size distribution (although both were sandy loam), conductivity, TKN, 
available phosphorus and exchangeable Ca (Table 2.2). However, the amounts of 
these nutrients on the two slopes were mostly insufficient and the textural difference 
between the soils was negligible. In fact, the only significant difference occurred in 
available phosphorus content. While it was rated low in CN, a medium level was 
obtained in CS. Nevertheless, the soils on the two slopes were in general 
comparable in chemical properties. 
4.4.3.1 Survivorship and growth 
Despite iheir similarity in edaphic properties, some of the species tested 
exhibited significant difference in their performance on the two slopes. In general, 
candidates on slope C N had a much higher survival rate than slope CS (p<0.001 in X 
test). Quercus c/icimpionii showed the largest difference (p<0.001), while Cordia 
dicholoina, O. edithcie, Lithocarpus harlandi and Castanopsis concinna (p<0.01), and 
others like Elaeocarpus ch men sis, Ormosia emarginata and Machilus velutina also 
strived better on C N (p<0.05) (Fig. 4.9). 
Regarding the relative growth rate of the individuals on different slopes, four 
species, namely Syzygium ciiniini, Elaeocarpus chinensis, Diospyros morrisiana and 
Choemspoiulms axillaris had significantly higher rate on C N than CS (Fig. 4.10). C. 
axillaris even showed a negative growth on slope CS but a positive one on slope CN. 
1 2 1 
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Fig. 4.9 Difference in survival rate of the 19 species in the planting experiment 
between slope C N and slope CS. 
A s t e r i s k ! s ) i n d i c a t e s s i g n i f i c a n t d i f f e r e n c e in s u r v i v o r s h i p b e t w e e n the t w o s l o p e s in t w o - t a i l e d 
Ch卜 squa re test., al p < 0 . 0 5 . p < 0 . 0 1 and p < 0 . 0 0 1 f o r ** a n d *** r e spec t ive ly . 
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Fig. 4.10 Difference in relative growth rate in height of the 19 species in the 
planting experiment between slope C N and slope CS. 
A s t e r i s k ( s ) i n d i c a t e s s i g n i f i c a n t d i f f e r e n c e in R H I b e t w e e n the t w o s l o p e s in t - t es t , at p < 0 . 0 5 , p < 0 . 0 1 
a n d p O . O O l lor 气 ** a n d * * * r e s p e c t i v e l y . 
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Note should be given here that there were only one to a few individuals on slope 
CS for some species (Fig. 4.9). This made a fair comparison on height increment 
difficult. 
4.4.3.2 Inter-specific comparison in respect to aspect 
When the survival rate and the RHI of the tested species were analyzed separately on 
the two slopes, more number of species could be categorized in Class 1八 on slope CN, 
indicating thai more species were able to survive and grow better on this slope (Fig. 
4.11). They included Lithocarpus harlancli, Onnosia emarginata and Elaeocarpus 
chine/isis. Together with Acacia auriculiformis and Syzygium cwrUni, which were 
classified into this group previously, there were five species that demonstrated 
desirable performance in the quarry. Besides, Que reus chcimpionii, Machilus 
veluiiiict, Q. edit hue and Cast an ops is concinna became grouped in Class Ib, Four 
species, viz., Cordia dichotoma and Q. chcimpionii, as well as Thespesici populnea 
and Lophosienion confertus had survival rates greater than 80% and grew positively 
on slope CN. Tutcheria spectabiUs and Pygeum topengii continuously exhibited 
both low survival rate and RHI. 
On the other hand, more species were clustered within Classes IIb and lie on 
slope CS, reflecting that the slope was less suitable for tree establishment (Fig. 4.12). 
Two species, namely Lithocarpus harlancli, and Que reus championii were still 
categorized into Class [U, as in the case without aspect effect (Fig. 4.8). Though 
survival rate was low, those survived had comparatively higher relative growth rate. 
Pygemu topengii and Tutcheria spectabiUs were completely eliminated from slope CS, 
while respeclively 2 and 4 individuals were present on slope CN. Acacia 


































































































































































































































































































































































































































































































































































































































































































































































































































































































































auriculiformis was the only species categorized as Class Ia on slope CS, indicating 
that it had the highest tolerance to the conditions of this slope. 
Several species had extreme performances on the two slopes. Syzygium cuminl 
and Elaeocarpus chinensis, both outstanding in survivorship and growth rate, were 
categorized as Class I a on slope CN, but on the other slope they exhibited much 
poorer perfomiance, particularly E. chinensis. This species was also the only 
species that exhibited a significant difference (p<0.05) in leaf number between the 
slopes under the Mann-Whitney -^test. Several species also differed significantly in 
survivorship. They were Quercus championii, Cordia dichotoma, Lithocarpus 
harlaiuii, Ormosia emarginata, Q. edithae, Machilus velutina and Castanopsis 
concinna, all of which had their survival rates increased by more than 40% from CS 
to CN, deserving Class I in the latter. 
4.4.3.3 Plant ecophysiology : 
In this study, three indices of chlorophyll florescence, namely, Fq, Fv/Fm and 
Fm/F() were compared between seasons with respect to aspect on the slope. These 
three indices are sensitive to standing plant health, providing information 
supplementary to the dimensional data (e.g. height and basal diameter), which only 
reflected the past and accumulative growing performance, but failed to directly 
indicate the stress difference between different microclimates. 
Although reflecting photosynthetic rate by fluorescence data can be misleading 
(Maxwell and Johnson 2000), fluorescence can be used to compare the stress 
condition of different plants and to compare the condition with the optimal one. 
1 2 7 
Among the species with sufficient sample size, only the exotic Acacia aunculiformis 
and Lophostemon confer tus, together with the native Quercus championii, had some 
of their Fv/Fm values lying within the optimal range of 0.78- 0.83 plants (Table 4.5) 
(Pospisil et al. 1998, Maxwell and Johnson 2000). This reflected that most of the 
seedlings were subjected to various stresses. Even if the cases without sufficient 
replicates were counted altogether, opitimal values occurred only in summer (with 
Quercus chcinipioiiii being the exception). This implied a more stressful condition in 
the vvinler. 
Although there were only a few species with sufficient sample size, most of 
them showed increases in Fv/Fm and Fm/Fo across winter to summer, but there was 
no obvious trend for Fq. In addition, there is no obvious discrepancy in response 
between the two slopes, except for Vitex quinata. 
The three flurescence indices reflected different factors acting on a plant. Fq 
reflects PS 11 pigment level, which is in turn affected by environmental stress (e.g. 
thermal damage). Fv/Fm is a sensitive indicator of photosynthetic apparatus damage 
I { 
(Pospisil et al. 1998). Normal reduction in quantum yield of the PSII 
photochemistry results in a decrease of the Fv/Fm value. This occurs after 
prolonged illumination and is reversible, but persistent damage may be brought by 
excessive light intensity (photoinhibition). This kind of inhibition is still irreversible 
even after 30-40 min several hours and is reflected on the Fv/Fm value (Schreiber 
1986). Fv/Fm. is therefore used as an index of quantum yield of the PSII 
photocheniisiry. Other environmental factors like water availability or temperature 
probably add their impact on the value, as reported by other study (Minotta and 
Pinzauti 1996). Fm/Fo, on the other hand, reflects thennal stress and drought 
1 2 8 
Table 4.5 Comparison of Fv/Fm of different species between seasons on two slopes. 
F() Fv/Fm FnVFo 
Species Slope Winter Summer Winter Summer Winter Summer 
Acacia aiiriculijonuis CN 517 474 0.768 0.816 ** 4.45 5.66 
CS 529 503 0.771 0.809 4.49 5.5] 
Lophosienion confertus CN 710 647 * 0.734 0.770 3.91 4.42 
CS 716 652 0.730 0.793 * 3.80 4.91 * 
Quercus edithcic C N , ,27 m s 0.664 0.734 3.14 3.79 
CS 673 U.5S9 0.744 ^ ^  
Symplocos glauca CN 778 W4 0.614 0.851 2.60 4,17 
C S 748 0.672 0.804 3.05 5.1 1 
Onnosui eniarginciia C N 82s (,25 0.679 0 .7% 3.75 5.07 
C S _7j4 SW 0.729 0.834 ZJ4 ^  
Quercus c/uinipionii CN 805 775 0.779 0.704 4.02 3.81 
CS 7 1 5 6 6 8 0 , 5 2 1 0 , 8 1 4 7 . 9 3 5 . 4 0 
Choerospondias nxillaris C N _ - -
C S 994 646 0.648 0.816 2.84 5.43 
Svzygiuni ciinuni CN 718 874 0.682 0.688 3.21 3.37 
-‘ J O 
CS 580 836 * 0.639 0.607 2.82 2.70 
Diospyros iiiorisuiiia CN 7()s 7()4 0691 0.722 3.35 3.64 
C S 5 4 0 9 6 S 0 . 4 4 2 0 . 7 1 3 1 . 7 9 3 . 4 9 
Thespesia popuhieci CN 979 816 * 0.638 0.733 2.87 3.96 * 
CS 873 823 0.692 0.728 3.39 3.93 
Lithocarpus harlcincii CN 932 756 0.687 o.vss 3.26 4.73 
CS s.x 1 109 0,717 0.658 3.54 2.92 
Mad J i his ycliiliiui C N 713 337 o,663 0.734 3.06 3.53 
CS ^ ^ 0.723 0.759 im  
Cordia liicholonici C N 67s vi.s orm ().6«o 3.8Q 3.17 
C S 7 2 1 0 . 7 0 7 0 . 7 0 9 3 . 4 S 3 . 4 6 
Elaeocarpus chinensis C N 721 695 0.771 0.746 4.42 4.25 i 
C S 920 656 0.687 0.819 3.19 5.52 
Vitex qiiiiuuci CN 789 693 0.742 0.759 3.94 4.24 
CS 822 775 0.568 0.729 ** 2.44 3.86 ” 
C CIS nil I ops is coiiciiinci CN 448 355 0.624 0.819 2.66 5.53 
CS - - - - - -
W i n t e r : VVintei' 2 0 0 0 , S u m m e r . S u m m e r 2 0 0 1 
I n d i v i d u a l s w e r e s u b j e c t e d to 8 0 % l ight i n t e n s i t y i l l u m i n a t i o n ; da ta f o r s p e c i e s w i t h less t h a n 5 
i n d i v i d u a l s 5 w e r e p r e s e n t e d in s m a l l f o n t s a n d n o f u r t h e r t es t s w e r e p e r f o r m e d . 
F i a u r e s in p a r e n t h e s e s i n d i c a t e s t a n d a r d d e v i a t i o n s ; * a n d “ d e n o t e s i g n i f i c a n t d i f f e r e n c e s b e t w e e n 
s e a s o n s at p < 0 . 0 5 a n d p < 0 . 0 1 leve l r e s p e c t i v e l y ; f i g u r e s in b o l d d e n o t e s i g n i f i c a n t d i f f e r e n c e at p < 0 . 0 1 
b e t w e e n s l o p e s ( C N a n d C S ) w i t h i n s p e c i e s . 
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(Pospisil ei al. 1998). 
With respect to the changes of the three, it is expected that their trends across 
seasons would be different between slopes. For slope CN, which faces northeast, Fq 
was expected to be higher, Fv/Fm lower, and Fm/Fo lower in summer than in winter. 
On the contrary, such changes on slope CS would be less obvious. This model was 
interpolated from the difference in sunlight intensity between seasons and the 
properties ofFo and Fm. Fm continuously drops along with increasing temperature 
from (TC to beyond 50()C, while Fq is at a rather constant low level until the 
temperature reaches near 50。C. In drought, Fq rises at this high temperature and 
finally gets equal to Fm, resulting Fm/Fo equal to 1.0. However, when water is not 
limiting and temperature is optima], the ratio can reach a value as high as 4.0 (Minolta 
and Pinzauli 1996). in our result, most small values of Fm/Fo occurred in the winter 
when water was much limiting but the soil surface temperature could still be very 
high (Section 4.4.3.4). 
Fv/Fm (where Fv=Fm-F()) has its highest value constantly between 0''C-25''C 
(Pospisil ei a I 1998). Hence, because of the greater extent of varying sunlight 
intensisty between winter and summer, slope C N was also expected to have greater 
changes in these indices between seasons. Direct sunlight that heated up the slope 
surface of C N was much lower in winter, but reversed in summer. For CS, this 
variation was less obvious since it received direct sunlight in most time of a year due 
to the proximity of Hong Kong to the Tropical of Cancer. The picture is complicated 
by the effect of water and the inhibition effect of light to PSII. Prolonged and 
intense smili(4it would further decrease the difference between Fq and Fm (Maxwell 
1 3 0 
and Johnson 2000). 
However, our results did not give a clear picture to support this model. This 
happened possibly because of the interference of different environmental factors. 
For example, K quinata exhibited significantly lower value of Fv/Fm on CS than C N 
in winter instead of the opposite (Table 4.5). This indicates the occurrence of 
photoinhibition on exposed CS in drought season. Photoinhibition may be further 
exacerbated under low nitrogen availability (Fetcher et al. 1996). Obviously, the 
case on these slopes requires verification by more in-depth investigations. 
4.4.3.4 Other physical parameters on the two slopes 
Results from Chapter 2 gave us a rough picture that the soil properties between 
slopes C N and CS were quite similar. This was reasonable as the construction of the 
two slopes was completed nearly at the same time, using the soil from more or less the 
same slock piling. Field analysis with an permeameter showed that the soil 
3 1 3 
hydraulic conductivity (Kfs) of slopes C N and CS were 4.06x10" cm s' and 2.62x10" 
cm s—' respectively (Table 4.6). Negative values (-1.70x10'^ cm" s'' for C N and 
-3.43xK)-() cnr s"' for CS) were obtained for matric flux potential (中⑴)，indicating 
hydro logic discontinuity in the profile. This happens when the soil is stratified or 
has cracks and holes. On the berm, this was due to the rock layer, which created a 
large pore size difference Linderneath. Negative values were therefore obtained in 
where the soil layer was so thin to allow correct estimates of the hydraulic 
conductivity, before tlie water flow was altered by the rock-soil interface. When the 
samples with negative values were excluded, the values of Kfs and 小⑴ of C N then 
become 2.99x10'"^  cm" s'' and 2.76x10'^ cm" s"' respectively, while the corresponding 
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Table 4.6 Hydraulic conductivity and matric flux potential of the soil on slopes C N 
and CS. 
C N (cm s"') CS (cm s'') t-test 
Overall 
Hydraulic conductivity (Kfs) 4.06x10—3 (6.19x10"-) 2.62x10.3 (1.46x10.3) n.s. 
Maine tlux potential ((|。 -1.70x10"- (3.40x10'-) -3.43x10"^ (9.92x10"^) n.s. 
Negative values excluded 
Hydraulic conductivity (Ki-,) 2.99x10"'^  (3.42x10-4) 1.81x10—3 (9.53x10"'^ ) ** 
Matnc flux potential (小⑴） 2.76x10] (1.75x10’ 1.12x10'^ (7.82x10-、 * 
：丨indicate s i g n i f i c a n t d i f f e r e n c e at p < 0 . 0 5 a n d p < 0 . 0 1 r e s p e c t i v e l y , 
“ n . s . ” d e n o t e s no s i g m f i c a n t d i f f e r e n c e . 
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values for CS were respectively, 1.81x10'- cm^ s'' and 1.12x10"- cm^ s''. The soil 
hydraulic condLictivity of C N was described as low while that of CS was moderately 
rapid and comparable to the typical value of sandy loam (Landon 1991). In fact, a 
higher Kis indicates water would be lost more easily by both leaching and evaporation. 
Thus the obvious discrepancy of plant performance may be brought by the difference 
in the soil water holding capacity of the two slopes. Although the soils from the two 
slopes were highly homogenous, the higher sand fraction of the soil in CS (Table 2.2) 
probably explained this difference in hydraulic conductivity. 
The responses of the plants were also influenced by factors that create 
micro habit at difference between the two slopes. Different aspects of the two slopes 
led to the different duration of direct sunlight and hence different soil temperature. 
The deviation was most obvious from autumn to spring, when slope CS was under 
direct irradiation from dawn to sunset while slope C N received less light intensity in 
the whole daytime, except noon. The situation was reversed in mid-summer when 
slope C N received a longer direct sunlight than slope CS. Although the light 
intensity and the duration were not directly quantified in the experiment, the soil 
temperature recorded indirectly illustrated this observation. From Feb to Dec 2001, 
the daytime soil temperature at a depth of 15 cm was higher in slope CS than slope 
C N (Fig. 4.13). The deviation was less in summer, but unfortunately the number of 
measurements was too few to have conclusive evidence. When all the temperature 
pairs recorded on the two slopes were plotted on a scatter diagram, it was clear that 
most of the points were situated above the expected line of no difference (Fig. 4.14), 
indicating a higher soil temperature (at 15 cm depth) on slope CS, at least in spring 
and autumn. The difference between slopes was also apparent in soil surface 
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Fig. 4.13 Soil temperature at a depth of 15cm on the two planting slopes. 
All r e a d i n g s w e r e t a k e n at d a y t i m e . 
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Fig. 4.14 Correlation of soil temperature at a depth of 15 cm between the two slopes. 
All d a t a p o i n t s w e r e t a k e n at d a y t i m e in r a n d o m d a y s b e t w e e n F e b 2 0 0 1 a n d D e c 2 0 0 1 . 
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temperature (Fig. 4.1 5). Unfortunately the measurement was not planned in advance 
to conduct parallel measurernent on the two slopes initially; this disabled any 
conclusive result to be obtained. Nevertheless, this non-edaphic factor - duration of 
direct irradialion, which affected both soil surface and underground temperatures -
possibly governed the performance of the seedlings on the two slopes. The 
maximum soil surface temperature recorded on slope CS was as high as GS'^ C. High 
temperature may have serious detrimental effect on plant performance and this calls 
for investigation in more details. Thus, irradiance has an important impact on the 
vegetation components of an area, in addition to soil properties. 
Furthermore, soil moisture is in turn regulated by soil temperature. The higher 
the soil temperature, the higher is the evaporation rate and transpiration rate, both 
leading lo lower moisture content. Fig. 4.16 shows the relationship on soil moisture 
content between slopes C N and CS. As a result of fertilizer application, longer grass 
growth was observed around the seedlings (Plate 4.3), so the data were separated into 
two groups for analysis. Readings were taken from regions with either short grass 
cover (<10 cm) or long grass cover (>10 cm). Most of the data were located well 
below the line of no difference (moisture of C N = moisture of CS), particularly for 
higher moisture levels, and there was also no significant difference between data 
taken from regions of long grass and short grass. With a lower hydraulic 
conductivity and matrix fkix potential on slope CS, one would expect that water 
vvoLild be losi less readily from this slope than slope CN. However, a contradictory 
result was obtained that the soil moisture level on slope CS was lower than that on 
slope CN. It is therefore suggested that the moisture difference between the two 
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Fig. 4. 16 Correlation of soil moisture within a depth of 15 cm between two slopes. 
Plate 4.3 Grass cover of different thickness due to the effect of fertilizer. 
Only slope eN is shown; numbers indicate levels for moisture measurement; dotted line 
marks the boundary of an upper and a lower planting block 
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among all possible factors regulating soil moisture. Soil having a lower moisture 
content in turn, favours the fluctuation of temperature due to a low specific heat 
capaciLy (Brady and Weil 1999). 
4.4.3.5 Factors governing species performance on the two slopes 
To sum up, soil moisture and temperature could be the main factors in 
differentiating the performance of species on the two slopes. The former was 
affected by the latter and the hydraulic conductivity of the soil as well, while the latter 
was related to irradiation intensity. Wind speed might also have effect on the 
moisture. The data from our weather station (Feb - Nov 2001) showed that wind 
speed on C N (mean: 6.2 km h—丨，max: 56.6 km h"') was generally higher than that on 
CS (mean: 3.1 km h"' ； max: 43.4 km h''), so higher evaporation and transpiration rates 
were expected on CN. However, lower rather than higher moisture was recorded 
consistently on CS. This means that there should be another factor dominating the 
influence on moisture instead, and most probably it was soil temperature. 
Intra-specific difference in plant performance between slopes C N and CS partly 
reflects the growing response of a species to temperature and moisture. Acacia 
auriculiformis had the lowest requirement to both temperature and moisture among 
the 19 species, as il grew equally well on both sides. The other exotic species, 
Lophostenion coufertiis showed a little difference in its performance on the two slopes. 
Thou^t not SI叩ificant, it survived and grew better on slope CN. When its 
performance in LTQ was also taken into comparison (Cha. 3)，we can say that L. 
CO lifer I us was a species that had low requirement to soil moisture and temperature for 
survival, but il performed much better in terms of growth rate under higher 
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moisUire/lower temperature. 
Among the natives, Syzygium cumini and Elaeocarpus chinensis did well under 
higher soil moisture and lower irradiation, but higher mortalities and slower growth 
vvcmld be expected under drought and exposed condition, especially for E. chinensis, 
which also bore significantly fewer leaves on CS. For Ormosia emarginata, 
Quercus chcinipionii and Lithocarpus harlandi, their growth rates were desirable no 
matter they wei.e under exposed or relatively shaded condition, but their survivorship 
were imicli higher under lower irradiation and higher moisture. 
A few species， namely Quercus edithae, Machilus velutina and Corclia 
dichotoma survived better under less exposed and wetter condition, but their growth 
rate did not have obvious promotion under this condition. Possibly their 
performances were limited by other factors, or they required much shaded and/or 
wetter condition. 
The limitation of this experiment was that it failed to distinguish the effect of 
moisture and irradiance, of which the latter manipulated soil temperature. However, 
it gave a rough screening for the 19 species. 
4.4.4 ElTecl of elevation on seedling performance 
The planting blocks were located on the berm in two rows differing in elevation 
on each slope (Fig. 4.1). Thus the effect of elevation to plant performance was also 
evaluated. Due lo the engineering scheme, water received through rainfall on the 
slope would grLKiually move downward along the soil layer without penetrating the 
rock layer underneath. The geomembrane separating the two layers was a factor 
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inhibiting the vertical flow of water across, but the most prominent one should be the 
large malric potential gradient between the two layers that impeded percolation. 
Water tends to move from higher water potential to the lower (from lower to higher 
matnc potential) (Brady and Weil 1999), It would therefore move in capillary within 
the soil layer, which holds water more tightly, instead of escaping to the coarse rock 
layer. Hence, higher moisture content was predicted in the soil at the bottom of the 
slope with time after raining. Did the plants respond to this proposed moisture 
gradient, and have belter performance in the lower blocks? 
4.4.4.1 Survivorship and growth 
The overall plant survival rate was significantly higher m the lower blocks 
(p<0.05 in lest). However, separate analysis of species showed that, although 
most of the species had a higher survival rate in the lower blocks, the differences were 
not significant except for Choerospondias axillaris (Fig. 4.17). This inter-elevation 
difference was less obvious in terms of relative height increment (Fig. 4.18). The 
only spec ICS exhibiting a discrepancy was Lithocarpus harlandi, which grew 
significantly faster (p<0.05) in the lower blocks. Further, the plants did not differ in 
leaf number between slopes, although L. harlandi was again the species showing the 
highest degree of difference (p=0.055). For Machilus velutina, positive growth only 
existed in the lower block, in oppose to Choerospondias axil lanes, but both of their 
growth did not differ significantly between upper and lower blocks. 
4.4.4.2 Plant ecophysiology 
There v\as no clear change of Fv/Fm value between block levels, nor the 
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S u r v i v a l ra te 
Fig. 4.1 7 Difference in survival rate of the 19 species between upper and lower blocks 
on the slopes in the planting experiment. 
Ast t ' i ' i sk ( s ) i n d i c a t e s i g n i f i c a n t d i tTere i ice in s u r v i v o r s h i p b e t w e e n the t w o leve l s in t w o - t a i l e d 
C h i - s q u a r e lest , a I p<().()5. p < 0 . 0 1 a n d p < 0 . 0 0 5 f o r *，** a n d *** r e s p e c t i v e l y . 
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Fig. 4.18 Difference in relative growth rate in height of the 19 species in the planting 
experiment between upper and lower blocks on the slopes. 
* s i g n i f i c a n t d i f fe i -ence in R H [ b e t w e e n the t w o leve l s in t - test at p < 0 . 0 5 . 
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differences between summer and winter showed level specificity (Table 4.7). As 
happened in Section 4.4.3.3, Fv/Fm was higher in the summer for pairs showing 
significant diHerence (Table 4.5). In this section, this occurred in five species, 
namely the two exotics and Syzygium cumini, Thespesia populnea and Vitex quinata, 
either on the upper or the lower block. No obvious difference was detected in the 
chlorophyll Hoi-escence between the upper and lower blocks. Stomatal conductance 
and transpiration rate also failed to indicate any difference brought by elevation, 
although there should be some due to the variation in soil water availability. 
4.4.4.3 Soil moisture effect 
Although only a few species displayed their differences in performance between 
upper and lower blocks, the measurement of soil moisture verified our prediction that 
soil moisture was decreasing upslope (Fig. 4.19, Table 4.8). Any difference in plant 
performance with regard to elevation might be therefore partly attributed to the 
moisture difference. It also reflected the drier condition of slope CS. Attention 
should, however, be paid to the trends of the two curves that the moisture difference 
between the slopes was less upslope. It reached the minimum at level 8 (about 6 m 
higher than level 1). This implies the factor of exposure being more and more 
prominent in determining the soil moisture on slope C N when moving upward, as 
compared with the effect of aspect. 
4.4.4.4 Factors governing species performance at different elevation levels 
Fig. 4.17 and Fig. 4.18 could not demonstrate significant differences in either 
survivorship or relative growth rate between upper and lower blocks for most of the 
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Table 4,7 Comparison of Fv/Fm of different species between upper and lower blocks. 
Fo F v / F m FnVFo 
B l o c k W i n t e r S u m m e r W i n t e r S u m m e r W i n t e r S i i m m e r 
AcLicui uuricLili/onnis L o w e r 5 2 2 4 9 2 0 . 7 6 5 0 . 8 1 6 ** 4 . 3 6 5 . 6 6 ** 
U p p e r 5 2 3 4 8 4 0 . 7 7 5 0 . 8 1 1 才 - 4 . 5 8 5 . 5 0 
Luphostciuoii conjcrtus L o w e r 711 6 5 8 0 . 7 3 3 0 . 7 7 3 3 . 8 7 4 . 4 9 
U p p e r 7 1 4 6 3 8 0 . 7 3 2 0 . 7 8 5 3 . 8 7 4 . 7 5 
Qi'c^rcus c d i l h a c L o w e r ~ : ^ ^ ^ 
U p p e r i,S02 735 ( l . j45 0.725 ^ ^  
Symplocos g/auca L o w e r � o.63o 0.850 ^ 
U p p e r 1033 ^ 0.640 0.806 2 J S ^  
Orniosui enuirgiriufa L o w e r 丨（肌 713 o . 柳 （).78y ,.99 4.74 
U p p e r 720 ^ 0.750 0.87 4_18 5_M  
Oiicrciis chcinipioiiii L o w e r 8 1 4 7 8 3 0 . 7 2 9 0 . 6 9 0 3 . 7 8 3 . 7 9 
Upper 770 739 0.777 I).750 ^  
Choerospondias axillaris L o w e r 州 （)4o o.(,4S o.sk, 2.84 5.43 
U p p e r _ . . . 二 
Syzvgiiiiii ciiDiini L o w e r 6 4 7 8 9 0 * 0 . 6 5 6 0 . 5 9 6 2 . 9 8 2 . 7 8 
U p p e r 6 9 4 811 0 . 6 8 1 0 . 7 5 3 * 3 . 2 0 3 . 6 5 
Diospyros morisianci L o w e r 54,, %8 0.442 0 . 7 1 3 1.79 3.49 
U p p e r 7(18 7 ( W 0.69 I 0 .722 ^  
Thi^spcsici populnea L o w e r 9 5 4 8 3 9 0 . 6 4 5 0 . 7 2 4 * 2 . 8 5 3 . 9 0 * 
U p p e r 9 1 4 7 8 6 0 . 6 8 0 0 . 7 4 2 3 . 4 3 4 . 0 3 
Luhucarpus /uirlciii(li L o w e r �,’„ 9,4 0,680 0,727 3 . 1 6 3.93 
U p p e r 1044 ijn (2J22 I).780 :2J2 i M  
Machilus velunna L o w e r '723 sii 0.668 0.786 3.11 3.59 
U p p e r 045 0.704 0.750 ^ 4.01 
Cordul (hchofoiiui L o w e r 701 111 o.694 0.682 3.46 3 . 1 9 
U p p e r 0 8 6 S I 8 0 . 8 1 9 0 . 7 0 6 ^ ^  
Elaeocarpus chincnsis L o w e r 7 4 4 6 9 6 0 .761 0 . 7 3 8 4 . 2 9 4 . 3 3 
U p p e r 741 ^ 0.763 0.774 ^ ^  
VUcx qiiuutia L o w e r 8 0 7 751 0 . 6 6 6 0 . 7 3 2 * 3 . 2 7 3 . 9 0 
U p p e r 7 9 8 6 9 7 0 . 6 7 0 0 . 7 6 5 3 . 3 3 4 . 3 1 
Ccisiciiiop.sis concmnci L o w e r 44^  355 0.624 o.siv 2.66 5.53 
U p p e r - - - - - -
WinOO; W i n t e r 2 0 0 0 , S u m O l ; S u m m e r 2 0 0 1 
I n d i v i d u a l s w e r e s u b j e c t e d to 8 0 % l ight i n t ens i ty i l l u m i n a t i o n ; da ta fo r s p e c i e s w i t h less than 5 
i n d i v i d u a l s 5 w e r e p r e s e n t e d in sma l l f o n t s and no f u r t h e r tests w e r e p e r f o r m e d . 
F i g u r e s in p a r e n t h e s e s i n d i c a t e s t a n d a r d d e v i a t i o n s ; ** d e n o t e s i g n i f i c a n t d i f f e r e n c e s w i t h i n r o w at 
p < 0 . 0 5 and p<() .0 1 level r e spec t ive ly . 
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Fig. 4.19 Soil moisture at different levels of the planting berm. 
P o i n t s s h a r i n g die s a m e le t te r o n the s a m e l ine d id no t d i f f e r s i g n i f i c a n t l y at p < 0 . 0 5 l eve l . 
Table 4.8 Di fference in soil moisture between slopes of the planting berm. 
Level C N CS t-test 
2 17.6 (0.92) 13.0 (0.69) *** 
4 16.1 (0.75) 11.2 (0.69) *** 
6 15.7 (0.77) 10.5 (0.60) *** 
8 11.1(0.48) 9.06 (0.46) *** 
N u m b e r s in p a r e n t h e s e s d e n o t e s t a n d a r d d e v i a t i o n . 
' ' ' " ' ' A s t e r i s k s d e n o t e s i g n i f i c a n t d i f f e r e n c e b e t w e e n s l o p e s at p < 0 . 0 0 1 leve l . 
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species. This is perhaps due to the small difference in soil moisture between the two 
block levels. Nevertheless, we can still note the higher survival rate of various 
species at the lower blocks. The difference, though not significant, helps further 
understanding the growth requirement of species. After Choerospondias axillaris 
(p<0.001), the most obvious difference occurred in Diospyros morrisiana (p=0.083), 
Elaeocarpus chinensis (p=0.157) and Syzygium ciimini (p=0.201). While there were 
too few living individuals alive for Diospyros morrisiana, the differences in the latter 
two indicate that moisture could be an important requirement for their successful 
SLirvix al. Lophostemon confertus, Cordia dichotoma, Ormosia emarginata and 
Lithocarpus harlandi did not differ at all in survivorship between upper and lower 
blocks. This reflects that the limiting factors for their establishment might not be 
moisture, at least in this study. 
Again, this part has its limitation. The two adjacent block levels failed to create 
significani moisture difference for readily detectable plant responses. The picture 
would be much clearer if the blocks were aligned at 4 or more levels. 
4.4.5 Overall species evaluation 
Although the' limiting factor that governed plant performance on the two slopes 
was not confirnied, edaphic properties should be one of, if really, but not the only 
factor acting on. Different microclimatic components were highlighted here as 
important factors affecting the establishment of native seedlings. They probably had 
dominatiiiii effect over fertility in this study. Some of these factors may also affect 
the nodulation ability in legumes (Pokhriyal et al. 1996). 
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C o m b i n i n g the v a r i o u s p a r a m e t e r s m e a s u r e d and the i n f o n n a t i o n o b t a i n e d , the 
exo t i c Aciicui Liiinculifonms r e m a i n e d the t o u g h e s t and fas tes t g r o w i n g spec i e s , e v e n 
under high tern p e rat u re/ i rrad i at ion (slope CS) and drought (upper block). However, 
the s t u d y a lso c l a r i f i ed that no t all c o m m o n l y used exo t i c s (e .g. Lophostemon 
confcrius) g u a r a n t e e a be t t e r g r o w t h o v e r the na t ives , as o n e m i g h t expec t , at least in 
Shek 0 Quarry. L. confertus, though survived well regardless of temperature or 
moisture, was noi significantly better in growth in less-exposed area. Different 
properties among the natives resulted in diversified growing habits in different 
c o n d i t i o n s . T h e ove ra l l p e r f o r m a n c e of Syzygium cumini, Lithocarpus harlandi, 
Elaeocarpus chinensis, Ormosia emarginata and Quercus championii w e r e 
encouraging within the 16 months, especially on slope CN. Syzygium cumini and 
especially Elaeocarpus dun ens is survived and grew well with lower 
temperature/irradiance, but a higher survival could be obtained in wetter region (i.e. 
lower block in this study). 
Quercus chcinipionii s u rv ived and g r ew wel l at l o w e r t e m p e r a t u r e / i r r a d i a t i o n but 
it had a high mortality in exposed areas. The effect of exposure was also critical to 
the l ife of Ormosia einargiiuita and Lithocarpus harlandi. T h e y su rv ived and g rew 
well in shade but their performances were not improved further by higher moisture. 
The low survival rate of Corclia dichotoma was improved greatly in less-exposed 
areas, but its growth was consistently slow, and the performance did not differ 
significantly under higher moisture content. Although having a high survivorship 
regardless of temperature/irradiation, Thespesia populnea and Vitex quinata did not 
perform well in general due to their extremely slow growth. More detailed 
inxesli^ L^ilion should be carried out in order to improve the growth of Quercus edithae, 
Machilus veliiiiini and Caslaiiopsis concinna, all of w h i c h cou ld su rv ive well in 
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better-shaded area. 
Eiidospernunn chinense and Pygeum topengii are found mainly in feng shiii 
woods (or late successional woodlands) in Hong Kong, but they are not shade tolerant 
species (ZhLiang and Corlett 1999). Their high mortality rates should not be directly 
related to irradiation, but to other factors like moisture and soil temperature, as 
supported by the results in Chapter 6，in which Endospermum chinense survived 
under heavy sunlight and without fertilizer application. Although these natives 
performed badly in tins planting trial, there should be no reason to rule out other 
natives, particular those that are restricted primitive forest fragments (e.g. Fagaceae). 
In fact, two candidates from Fagaceae, Quercus championii and Lithocarpus harlancli 
had quite outstanding performance on dry and sterile slope in this study. This would 
be a hint in supporting the hypothesis that their rareness in secondary forest might 
only be the result of disperser extinction, but not because of their intrinsically 
demanding growth requirement. Nevertheless, other factors like mycorrhizal 
symbionls may also be important criteria for their successful establishment (Tain and 
Griffiths 1992). 
With reference to the planting trial in Tung Chung (Chan, 2001), the results of 
this study exhibited great difference in the performance of four species. Tutcheria 
speckihiiis attained the highest rank (HHH) in both survival and growth in Chan's 
study, but this species performed poorly in S O Q due to its low survivorship. In 
contrast, Thespesici populnea and Vitex quinata survived well, despite disappointing 
growth rate in the quarry, but they had low survival rate (<20%) in Tung Chung. 
Lithocarpus /uirlainli completely died off in Tung Cluing, but its performance was 
encouraging in this study, especially on slope CN. Quercus edithae and Ormosia 
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t'liicirgiiuiiLi also survived better in S O Q (on slope CN) than in Tung Chung, though 
the rales on CS were very low and comparable to the Tung Chung study. It should 
be noted that site di(Terence exists between studies. Although part of the area in 
Tung Chung is granitic, the other is derived from volcanic rock. In addition, the 
rainfall level in Tung Chung used to be higher (-2200 m m yf') (Ng and Wong 1996). 
Soil chemical properties also differed between the two sites. The soil of Tung Chung 
(pH=4.52) (Chan 2001) was much more acidic than that of S O Q (pH=6.70), but was 
less deficient in organic carbon and total nitrogen. In addition, vandalism (e.g. grass 
cutting) or the disturbance by other wild animals was absent in our planting area but 
the case was not in Tung Chung. 
However, Euclospennum chinense was quite consistent in the present and the 
Tung Cluing study.. It died off rapidly in S O Q and its hardiness had also been ranked 
low. 
Hau (1 999) reported that Choerospondias axillaris had high survival (97.5-100%) 
and growth rates (23.4-47.4 cm y—丨)，but this did not occurred in our study, though we 
get a RHI of. 0,2 y'' that was comparable to Hau's data (〜0.3 y''). Instead, the 
species was one of the poorest in terms of performance. Comparable levels of soil 
total nitrogen and total phosphorus were detected between one of Hau's site (HSH, a 
south facing grass slope) (90 昭 N and 26.4 j^ig P per g) and the planting area in this 
study (74.4-95.5 jag N and 43.2-48.3 )ag P per g). In addition, average rainfall level 
of the two regions was also similar (around 1800 m m y''). Therefore the difference 
occurred in C.axillaries between the sites was probably due to other factors like soil 
physical properties (soil is derived from sedimentary rock in HSH) and other edaphic 
properties. As the rainfall received in the other two sites (KARC shrub land and 
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gi-Lissl川d) w as as high as 2600 m m y"' (Hau 2000), the results were not compared. 
A.aiinciilifornns and Lophostemon confertus come from arid regions with greater 
resistance to stress such as high temperature and drought, but Lophostemon confertus 
is present in more fertile soil (Anon. 1959) and consequently was less productive in 
this siudy when compared with the other exotic counterpart. 
Although Syzygium cumini is rare locally (ZhLiang et al. 1997), it can be found in 
abandoned lands and secondary forests in other regions of South China (Anon. 1964). 
This indicates its potential suitability for use in land rehabilitation. Ormosia 
eiiiLirgiiuiici is also a scrubland/young secondary forest species (Anon. 1959, Anon. 
1972). This may explain its higher resistance to low moisture. However, the 
performance of the woodland species Lithocarpus harlandi was surprisingly good 
(ZhLiang et al. 1997), with its requirement to moisture less than expected. 
4 .5 C o n c l u s i o n s 
Species response is highly dependent on specific site conditions. The success 
of establishment of a species on one site may not be repeated on another, if the site 
conditions (e.g. microclimate) differ, even if the edaphic properties are similar (e.g. 
between C N and CS in SOQ). Studies from different regions are therefore subjected 
to even more disagreement, if the soil and the prevailing environment are not 
comparable. 
Proper selection of species is essential to the success of any restoration 
programnic. il is therefore primary to select species capable to grow rapidly so that 
they arc no I only able lo regenerate a green cover for engineering and aesthetic 
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interests, but also suppress the growth of weeds, and favour natural succession 
(Parrotta ei cil. 1997a). This study is intended to highlight native species that are 
tough enough lo strive and grow for rehabilitation of most C D G sites. S O Q is 
located in one of the driest regions in Hong Kong. A natural water table was absent 
in the planting area. This together with the infertile sandy soil, generated a relatively 
harsh growing condition (esp. drought) for plant growth. The resulting list of plants 
with high potential should therefore be universal. While the reference species 
Acacia aiinculifonnis had the best performance among the species planted, another 
exotic Lop h OS lemon confertus did not perform as good as one might expect. Among 
the natives, Syzygium cuniin “ Elaeocarpus c In n ens is, Ormosia emarginata, 
Lithocarpus liarlcindi and Que reus champ m mi were recommended for further testing 
in reforestation on C D G sites with respect to their survival and growth rates. Their 
performance probably vary in accordance with microclimate of the sites and this calls 
for further detailed investigation, which should enhance our understanding to species 
requirement on various non-edaphic site factors. 
) 
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CHAPTERS FURTHER EXPLORATION OF OTHER POTENTIAL 
PIONEER NATIVES 
5.1 I n t r o d u c t i o n 
The conventional practice of many rehabilitation programmes started with 
hydroseeding and then tree planting (Roberts and Bradshaw 1985, Tsang 1997, Lui 
1999). The seed mix for hydroseeding mainly comes from different combination of 
the vvell-slLidied foreign turf grass species, depending on the season and the 
engineering purpose (Table 5.1) (Kirkbride and Forbes 1994, Chong 1996). Local 
grasses or herbs were rarely used. However, commercial grasses sometimes produce 
dense thatch that would impede spontaneous succession (Smiscalco et al. 1998), 
which IS usually be the ultimate goal of restoration programmes. 
Seedlings planted after grassing are equally confined to a few tree and shrub species, 
as mentioned in the previous chapters. In addition, most planting exercises were 
restricted to trees but a few shrub species. Many researchers raised doubt on the 
ininiediate need of planting trees. Rather, some of them proposed the use of shrubs 
and herbaceous species because of their efficiency, fast improvement of soil condition 
and attractiveness to wildlife (Hamilton 1990, Siniscalco et al. 1998)， but others 
believed that shrubs are nLitrient-demanding and difficult to establish in harsh 
condition (Kirkbride and Forbes 1994). This experiment tried to explore more 
possible natives, which are not confined to tree species, from the wild for future 
rehabilitation works. It was done by vegetation studies on degraded sites, searching 
for the natural colonizers. This approach would highlight species potentially suitable 
for prevailing conditions on restored quarries (Miyawaki 1998). . 
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Table 5.1 C o m m o n grass species in hydroseeding. 
lE >> 
？ I & b 
1 - I 
^ 5 . _ C^  p 2 # o § p ^ 
. s = ^ 
Species Common name ^ < ^ ^ 
Cynodon daciylon Bermuda grass • • • • 
P asp alum notatinu Bahia grass • • • • 
Cenchrus ciliaris Buffelgrass • 
Chlons gay unci Rhodes grass • 
Era go SI IS ciirviiki Weeping love grass • 
E re n IOC hi a ophiuroides Centipede grass • 
Loliiini perenne Perennial ryegrass (van Manhattan) • • 
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Another objective was to determine the possible effect of time on the vegetation 
composition of the invaders. Through this, species adapted to specific site 
conditions could be interpolated. It is expected that there will be difference between 
the two quarries in terms of vegetation development clue to differences in seed sources, 
and in site conditions. This approach would in fact provide a larger pool of potential 
species and in turn increase the number of species that would be explored for 
revegetation. 
5.2 Materials and methods 
The vegetation study was carried out from Aug to Nov 2000 on quadrats, which 
were the same as thai for soil analysis and plantation species study (Chapters 2 and 3). 
In LTQ, ten random plots were selected from each phase, namely 96, 98 and 99. In 
SOQ, at least ten plots were studied for each phase, according to the size of the phase. 
The age of a plot was determined from hydroseeding instead of tree planting as in 
Chapter 3, since colonization started immediately after grassing. Quadrat size, as 
described, was 8 m x 8 in, a size suitable for shrubs to small trees (Fang and Peng 
1997). 
Diirinu the survey, plantation individuals were identified as much as possible and 
were excluded from the analysis. The rest were counted within the quadrats. 
Where there was difficulty in distinguishing an individual (and so determining species 
density), only the aerial percentage cover was estimated. Species frequency was 
defined by the percentage of quadrat in which a species was encountered. These 
information were fLirlher used to calculate: 
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Relative frequency % = (Frequency of a species)/(Total species frequency) x 100%, 
and 
Relalix c domiiicince % = (Coverage of a species)/(Total species coverage) x 100%. 
Species failed to be identified in-sUii was sampled and identified in the 
Herbarium of Department of Biology, C U H K or Hong Kong Herbarium, AFCD. 
The nomenclature used followed the Checklist of Hong Kong Plants (Anon. 1993). 
Where necessary, species name was also adopted from other sources (Anon. 1959, 
Zhuang et al. 1997), but the family system of Hutchinson was adopted for 
consistence (Hutchinson 1959). 
5.3 R e s u l t s a n d d i s c u s s i o n 
Within all the plots studied in SOQ, 59 species from 17 families were identified 
as invaders or established through regeneration from original seed bank. Gramineae 
comprised the largest proportion of invaders, contributing 16 species, followed by 
Papilionaceae (10 species) and Compositae (9 species) (Table 5.2). In LTQ, there 
were 85 species, representing 30 families, found within plots. Gramineae (16 
species) again dominated the species list in LTQ, followed by Compositae (12 species) 
and Cyperaceae (8), Ln theory a smaller number of colonizers implies a longer 
distance to seed sources. The distance in fact is a fu act ion of absolute distance with 
seed weight，seed morphology and agent activity (Jefferson 1984). S O Q is indeed 
more isolated to the adjacent vegetations than LTQ. While herbaceous species and 
shrubs dominated the invading species on both sites, they are mostly of wind- or 
mechanically dispersed species, as in most cases of early successional stages (Rosales 
6" Lil. 1997). Endozoochoric species (species which rely on animal consumption for 
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Table 5.2 Identified species from various phases of two quarries. 
S O Q L T Q 
S p e c i e s ' 中 文 名 稱 Fan-uly- L i f e f o r m ' 9 7 9 8 9 9 0 0 9 6 9 8 99 
* /U.uc./a coufusu 台7舞相思 Mimosaceae Tree + + 
Achvrciiii/ic.s (i.\/K'rci \ ar iiu/icci 牛膝 A m a r a i i t h a c e a e H e r b + + 
”A^^crciiiini coiivzanlcs 勝 糸 C o m p o s i t a e Herb + + + + + + + 
A/icriidin/icrci nodijluni 節節花 A m a r a i i t h a c e a e H e r b + 
Alieriiciiil/u'i-ci .vc.v.v/V/.s 蓮子-.華： Amara i i t haceae Herb + 
AlysiCLu-pLis vagina I is 練莢 i l P a p i l i o n a c e a e H e r b + + 
Apluda miificci G r a m i n e a e G r a s s + 
Biclcns pilosci 鬼歪十草 Compos itae Herb + + + + 
Blechiiuiii uric'iitcilc 烏毛蕨 B l e c h n a c e a e F e r n + 
Borivrui cirticuUins 多節波利亞草 R u b i a c e a e H e r b + 
Brciincci ins ignis 适呆鐵藏 Blechnaceae Fern + 
Briduliu ！oiiiciiiosci 過3.自(子 E u p h o r b i a c e a e T r e e + ‘ 
Ccissyrhci fUiJonuis 無根藤 L a u r a c e a e L i ana + 
Ceil tei I a asiaitcci 崩大碗 Umbelliferae Herb + + + 
Clei-odcudruni jLipoiiicLiiu 郝j朴 1 V e r b e n a c e a e S h r u b 十 
* Co/ivzci h(川uri(:)nsis 1 夺絲草 C o m p o s itae H e r b + + + 
ConxzLi cciiiadcnsis Compos itae Herb + + + + 十 + 
Cony-Li sp. 白酒：華:(屬） C o m p o s i m e H e r b + + + + + + + 
Cvclosorus pcii-asiliciis 金星草 Aspidiaceae Fern + 
Cvclosorus sp. 毛蕨 ( H ) Asp id iaceae Fern + + 
Cvnihopogon liamaicilLis 扭鞘香茅 G r a m i n e a e G r a s s + 
Cypcrus hivvifo/is ；水丨1!吳丄fe Cyperaceae Sedge + + 
* Cypcrus luispun I 吐 草 ： Cyperaceae Sedge + + 
CyperiLs sp. 莎草(屬） Cyperaceae Sedge + + 
Dcs/nodiiini heicrocurpon {1胡也」；^1 P a p i l i o n a c e a e S h r u b 十 + + + 十 + 
* Dcsniodiiiiii toi-iiiosuni 打]：莢l”L||杂]Papilionaceae Herb + . 
Dcsinoc/iiiin vclniiiiuiu 絨毛葉山綠」ii丨：Papilionaceae S h r u b + 
Dicranopicris luiccins I t i ^ K G l e i c h e n i a c e a e Fern + 
DI iguana violasccns 紫馬磨 G r a m i n e a e G r a s s 十 + 
Digitana sp, 馬唐(屬） G r a m i n e a e G r a s s 十 + + 
Dunhanu iviuiulifolia 圆葉昭-扁豆 P a p i l i o n a c e a e L iana + 
* Diiraiiia rcpcus 假;i座；翅 V e r b e n a c e a e S h r u b + 
Echinochlou colonuni 光頭稗子 G r a m i n e a e G r a s s + 
Ec/ipia pmslrcua 鱧腸 Compositae Herb + + 
Eknisinc sp. 糝(屬） G r a m i n e a e G r a s s + 
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S O Q L T Q 
S p e c i e s ' 屮 文 名 稱 Fani i ly2 L i fe f o r m ' 97 9 8 99 0 0 9 6 98 99 
Eniilia sonchifoUci 一點紅 C o m p o s i t a e H e r b + + + + + + + 
* Eragmsiis curvulc f,葉盧層草 Gramineae Grass 十 
‘‘EivchiiU's liicnicijolici ？老、.j二菜 Compositae Herb + + 
* Euphorhui hirui \ ar txpica .飛搖W�- E u p h o r b i a c e a e H e r b + 
* Eiiphorhici thviuiioliii E u p h o r b i a c e a e H e r b 十 
FiLiis liispuUi 對货格 M o r a c e a e T r e e + 
Fiiiihri.sn'li.s (liclioiuuiu 梭德飄拙i草 Cyperaceae Sedge + + 
Fiinhris[ylis sp. ；飄拂草(屬） Cyperaceae Sedge + 
He (Irons aciitdngiilci 方'_'草： R u b i a c e a e H e r b + + 十 + 
Hcckoiis difjiisu 白花蛇舌草 R u b i a c e a e H e r b + + 
Hcclrotis corynihosci 傘房4它耳草 R u b i a c e a e H e r b + 
H]periciiin jcipoiiiciiii! i；也耳 Ip: H y p e r i c a c e a e H e r b + 
llc.x aspivlla 十每葉冬青 A q u i f o l i a c e a e S h r u b 十 
Jmligojcrci hirstiiii 岡Ij毛>1〈藍 P a p i l i o n a c e a e S h r u b + + 
！poiiiocci cdiricd 五爪金龍 Convolvoiiaceae Liana + 
I.scluicniimi hdrhditi/ii "旦草 G r a m i n e a e G r a s s + 
Lscluiciiitini iiu/iciiin 細毛鴨吐 1.肆： G r a m i n e a e G r a s s + 
IscliacniLini sp, 鴨叩L単(屬） G r a m i n e a e G r a s s + 
Kyl/iiigid polvphylUi Cyperaceae Sedge 十 
：丨=Laniuna c u n i c r a 思 纖 丹 V e r b e n a c e a e S h r u b 十 + 
LL)、pL)d〔u cLiiicciia 截葉鐵掃帚 P a p i l i o n a c e a e S h r u b + 
* Lciicaciia luucoccphcda 銀 合 M i m o s a c e a e Tree + + 十 
Lindcniia criislcicca 母 草 S c r o p h u l a r i a c e a e H e r b + + + 十 
UiSL'u i^lur川()s(i i n i l L a u r a c e a e T r e e + 
Loniccra rcticiiUua 灘i脈忍冬 C a p r i f o l i a c e a e L iana + 
Lophosicmon confcriiLs 紅膠木 M y r t a c e a e T r e e + 
Lvi^ocluiin jdpoiiicuni 羅 f l 藤 S c h i z a e a c e a e F e r n l iana + + + 
Lvi^odmni scuudcus 石韋丨懷 S c h i z a e a c e a e F e r n l iana 十 
. o 
Lvgoilnini sp . 侮金沙(踏） S c h i z a e a c e a e F e r n l iana + + 
Macaremind icmanus jI[U.问 E u p h o r b i a c e a e T r e e + + + 
Mcinscus uiuhcllams 磚子苗 Cyperaceae Sedge + + 
Maziis punulus 通鬼草 S c r o p h u l a r i a c e a e H e r b + 
Mclasioiita cdiK/idiini 野‘牡円- M e l a s t o m a t a c e a e S h r u b + + 
Mclasioniu sdngumcuni 毛检 M e l a s t o m a t a c e a e Sl i rub + 
Mikanni inicranilui 微 I �菊 C o m p o s i t a e L iana + + + + + + + 
* Muiiosa piidicxi 含羞草 Mimosaceae Shrub + + + 
1 5 8 
S O Q L T Q 
S p e a e s ' 中 文 名 稱 F a m i l y : L i t e f o r m ' 97 9 8 9 9 0 0 9 6 98 99 
^cvrciiuha ariiiuhncicca Grani ineae Grass + 
Ncvrcnului rcviniiiiliiiini 上.參茅 G r a m i n e a e G r a s s + + + 
Ne\Tui i ( lu i sp. 類藏（腿） G r a m i n e a e G r a s s + 十 十 
* Ox (I I IS coniiciiUiia 醉 體 草 O x a l i d a c e a e H e r b + + + + 
Pciedcria sccindciis 雞矢藤 Riibiaceae Liana + 
Pdiiiciiin iiuLxi/iiuiii Jr ； G r a m i n e a e Grass + 
* Pdspciliini conjuginiiiii 刚丄卜荸- G r a m i n e a e G r a s s + + 
* Piispdliiin clilciKiliini 毛花雀稗 G r a m j n e a e G r a s s + + 
P(is/)ciltiin scrohiciiUiiiiiii 1監f卑 G r a m i n e a e G r a s s + 
* Pcispdliiin Lirvillci 契氏雀稗 G r a m i n e a e G r a s s + 
Pluirhnis iiulicci 變色牽:.件： C o n v o l v o n a c e a e L iana + + 
PhvlUiiiiiiiis [iri/Kirici E u p h o r b i a c e a e H e r b + + 
Phvllocliuni sp. 排錢樹(屬） Papi l ionaceae Shrub + 
* PiniLS el horn 愛 氏 松 P i n a c e a e T r e e + 
Pifyi-o^rciinnui cciloiuclciiios P t e r i d a c e a e F e r n + 
Pogoinii/icriini criiiniini 金髮草 G r a m i n e a e G r a s s + + 
P'()L[()[:i(i :L)\’1⑴u⑶ 水S i Urticaceae Herb + 
Pfcrulinin cKjLiiliium 蕨 P t e r i d a c e a e F e r n + 
Pi ens SL^nupuinLiiu 半邊旗 P t e r i d a c e a e F e r n + 
PI ens \'imitci 長葉甘草蕨 P t e r i d a c e a e F e r n + + + 
Prc'rocrpscUi uulica l � P _ t菜 C o m p o s i t a e H e r b + + + + + 
Pieroloiuci [ri(/iiciriini 胡 j蘧茶 P a p i l i o n a c e a e S h r u b + 
PLicrcirici phdsculoidcs EMMWM P a p i l i o n a c e a e L iana + 
PvcrcLis polysuicJiviis 多 t支莎草 Cyperaceae Sedge + + + + 
Raphiolepis nuhca 輪十每 R o s a c e a e S h r u b 十 
Rhus chincusis [磨丨窗木 Anacardiaceae Tree 十 
Rhus Micccdcincd A n a c a r d i a c e a e T i e e + + 
-Rhviic/iclvlruin repciis 糾：毛草 G r a m i n e a e G r a s s + + + + + + + 
* Ricluirdia saihru .卞察草 R u b i a c e a e H e r b + 
Sucdolcpis unhcu 汁厂丨'丨： G r a m i n e a e G r a s s + 
* Scopcuiu (III I as Hi]' IjM'r'： S c r o p h u l a r i a c e a e H e r b 十 + + 
* Sciaeliunu harhaiu L a b i a t a e H e r b + 
Sc'shania sp. ffl菁(屬） P a p i l i o n a c e a e H e r b + 
* Sciaria palli(lc-fuscci 秀私ill笔草 G r a m i n e a e G r a s s + + 
* Saarid�7./."//.Y 狗 尾 G r a m i n e a e G r a s s + 
ScKirid -sp, 彻 笔 草 ( • ) G r a m i n e a e G r a s s + + 
1 5 9 
S O Q L T Q 
S p e c i e s ' 中 文 名 稱 F a r m l y 2 L i f e f o r m ' 9 7 9 8 9 9 0 0 9 6 9 8 9 9 
Sniila.x c/iiiui 藤 S m j l a c a c e a e L i a n a + + 
* Sonchiis cirvL'iisi.s E):覽菜 Compos i tae Herb + + 十 
Spor()h(jliis fci-ii/is B l l - i ^ c G r a m i n e a e G r a s s + + 
Trcnui oriciuulis 山黄麻 U l m a c e a e T r e e + 
TiiLiiufctia hunnmmi 剌蒴编乙 T i l i a c e a e S h r u b + + 
Triiiiiifciia pilosu 長毛刺蒴麻 T i l i a c e a e S h r u b + + 
Uiviui lohaui i也t兆花 M a l v a c e a e H e r b + + + 
l' 'ernoiiici c inc ivc i 〒交一 - C o m p o s i t a e H e r b + 
-一 N o m e n c l a t u r e f o l l o w e d ( A n o n . 1 9 9 3 ) ; p o t e n t i a l l i f e f o r m f o r t he s p e c i e s ( A m i o n . 1 9 5 9 ) 
^ E x o t i c s p e c i e s o r n a t u r a l i z e d s p e c i e s a f t e r 1 8 5 0 ( C o r l e t t 1 9 9 2 c , A n o n . 1 9 9 3 ) . 
+ P r e s e n c e o f a s p e c i e s in the s p e c i f i c p h a s e . 
1 6 0 
dispersal; e.g. Bride I ici tomentosa, Clerodendnini japonicum, Duranta rep ens, Ilex 
asprellu, Lciniaini camera, Lit sea glutinosa, Me I as to ma spp. etc.) comprised only a 
negligible proportion. The rarity of these animal-dispersed species partially reflect 
the lack of attractiveness of the existing plantation (mainly exotic) to seed-dispersers. 
Their occurrence on sites was solely occasional. This contrasts to a study that the 
plantation of monotypic native trees would enhance re-establishment of bird 
community within a short period of 3 years (Passell 2000). On the other hand, the 
difference on species number between the two sites may just be a reflection of age 
difference among phases. The oldest phase in LTQ is 5 years (L96), which was 
hydroseeded in early 1996, while that in S O Q is 4. 
5.3.1 Inter-site comparison 
The difference between the two quames was reflected more directly from the 
comparison of species composition between phases of similar ages. LTQ had more 
species number in both Phases 98 and 99 than S O Q (Table 5.3). Fems contributed 
an imporiant pari in LTQ (totally 12 species) but they were rare (totally 1 species) in 
SOQ. Sedges and trees were also more important in LTQ than SOQ. When 
compared with other herbaceous plants found in the two quarries, moisture and shade 
were relatively more important to fern establishment in general, although most of the 
species found in LTQ (e.g. Ptens vitiatci) are quite drought-tolerant (Edie 1978, So 
1994). For sedges (esp. Cyperus spp.) sunlight and moisture were equally important 
in most cases (Griffiths 1983). Therefore it is suggested that moisture (and probably 
shade) would be a quite important factor governing the observed vegetation 
difference. 





























































































































































































































































































































Ln Phase 99, the percentage cover by invasion or regeneration was much higher 
in LTQ (22.44%) than S O Q (5.36%). The situation was reversed after one year of 
devtMopmenu however. In Phase 98, coverage in S O Q was 68.4% while that in LTQ 
had increased much slowly to 43.88%. This could be explained by the shading 
effect of the plantation in LTQ that eliminate many light-demanding species like grass 
and Desniodiuni spp.. The later contributed an important part to the percentage 
cover in SOQ, where the plantation species grew much slower and the shading effect 
was much less than that in LTQ. In LTQ, the dominating species were, in 
descending order, Ageratiini conyzoicles, Biclens pilosa and Desmodium heterocarpon, 
while Desinodiiini heterocarpon and Leucaena leucocephala dominated in SOQ, 
Ageratuni coiiyiioides was abundant under plantation, although they were also 
recorded in scatter in exposed regions, almost confined to low and flat region, as near 
the U-channel drainages. Results from Lui (1999) also supported that species from 
Compositae (e.g. Age r a turn spp. and Bid ens spp.) were found dominating under 
canopy of early plantation. Nevertheless, it was still difficult to rule out the 
possibility that seed source instead of environmental condition might explain for the 
difference between sites, even though the species found in the quarries are common 
and widespread locally. 
5.3.2 Inler-phase comparison 
I liter-phase companson of vegetation composition and structure were presented 
in Table 5.4 and Table 5.5. Species number increased with time on both sites, 
indicating an improvement of site or soil conditions, or simply an accumulation of 
invaders. This is critical to the sustainability of a rehabilitation programme, which 
aims to regenerate a natural ecosystem. Granitic soil is perceived with its high 
1 6 3 
Table 5,4 Density, coverage and frequency of the invaders in various phases of SOQ. 
D e n s i t y ( 1 0 0 m ' ' ) Cove i " % F r e q u e n c y % 
S p e c i t f s ' F a m i l y 9 7 9S 9 9 0 0 9 7 9 8 9 9 0 0 9 7 9 8 9 9 0 0 
T R E E S 
Acacm coniusci M i m o s a c e a e - - 0 . 4 6 0 . 5 7 0 0 - - 11 .8 2 7 . 3 
Lcucaciici IL'IIC(JCC/)/I(I/CI M i m o s a c e a e N A N A N A - 1 9 . 5 1 0 . 2 0 . 1 8 - 3 0 . 8 1 0 0 1 1.8 -
Mcicarciiigd iciiuiiiiis E u p h o r b i a c e a e 0 . 3 6 - - - 0 - - - 1 5 . 4 - - -
T O T A L C O \ K R '/o 19 .5 10 .2 0 . 1 8 0 
S H R U B S 
Clcrodciidruni V t r b e n a c e a e - 0 . 1 7 - - - 0 - - - 11.1 - -
jcipcjii iciiiii 
Desiuodiuni P a p i l i o n a c e a e N A N A N A 0 . 9 9 3 7 . 9 4 6 . 9 3 . 3 7 0 9 2 . 3 1 0 0 7 0 . 6 9 . 0 9 
hcti'rociirpon 
Dc'smodiiim vcliiiiiiuni P a p i l i o n a c e a e 0 . 2 4 - - - 0 . 2 4 - - - 7 . 6 9 - - -
litdi'^olcru liirMiKi P a p i l i o n a c e a e - - N A - - - 0 . 2 3 - - - 11 .8 -
Lcspcdczn ciiiiL'dKi P a p i l i o n a c e a e 0 . 1 2 0 - - - 7 . 6 9 - - -
MiniL.ui puihcu M i m o s a c e a e N A N A 0 . 3 7 - 2 . 1 6 1 .91 0 . 0 1 - 3 8 . 5 3 3 . 3 1 1.8 -
Phyllodiiiiii s p . P a p i l i o n a c e a e 0 . 3 6 - - - 0 - - - 2 3 . 1 - - -
Prcroloinu fru/Licfniiii P a p i l i o n a c e a e 0 , 1 2 - - - 0 - - - 7 . 6 9 - - -
TriiinijL'flci hariranua T i l i a c e a e - 0 . 1 7 0 . 0 9 - 0 0 - - 11.1 5 . 8 8 -
Tniuujcua pilo.sci T i l i a c e a e - 0 . 1 7 - 0 . 1 4 - 0 - 0 - 11.1 - 9 . 0 9 
U re I lil l o / n i u i \ - k i l \ - a c e a e - - 0 . 0 9 0 - - - 5 . 8 8 -
T O l A I . ( ( ) \ 1 :R % 4 0 . 3 4 8 . 8 3 . 6 1 0 
H E R B S 
Ac/ivnini/ iLW ci.spcrci \ ar A n i a r a i u h a c e a e 0 . 2 4 N A - - 0 0 . 1 7 - - 7 . 6 9 4 4 . 4 - -
llullCil 
.-IgL^niiiin! c o i i v K u ' d c s C o n i p o s i l a e N A N A N A N A 4 . 8 6 S . 2 6 1 . 3 0 0 , 4 3 1 0 0 1 0 0 6 4 . 7 5 4 . 5 
Ivsicdrpn.s wi^iiui/is P a p i l i o n a c e a e - N A - - - 0 , 0 2 - - - 11,1 - -
/ ) ) /" '�/,.�1)1 丨 （ ) 乂 I C o m p o s i i a e - - 0 . 0 9 0 - - - 5 . S 8 -
B()丨tchli 山 - ! i L . i i l � i i . i - \ K u b i a c e a e 0 , 1 2 - - - 0 - - - 7 . 6 9 - - -
C()n\-iii h()/uiricn.\i.\ Compositae - - - 0.28 0 - - - 18.2 
Coiivzci c . i i iJcici iMy C o m p o s i t a e 0 , 1 2 O . P - 0 . 2 8 0 0 - 0 7 . 6 9 11.1 - 18.2 
Coiivici sp . C o m p o s i m e 0 . 2 4 0 . 1 ， 0 . 5 5 0 , 4 3 0 0 0 0 15 .4 11.1 2 3 . 5 2 7 . 3 
Eniilui soncliitnlhi C o m p o s i t a e 1.6S 1 .22 0 . 5 5 0 . S 5 0 0 0 0 3 0 . 8 4 4 . 4 2 3 . 5 2 7 . 3 
Ejvchnic.^ hicniciiolsj C o m p o s i t a e - - 0 . 0 9 0 - - - 5 . 8 8 -
Eupliori^ij [iiMiiijuiiLi E u p h o r b i a c e a e - - N A - - - 0 . 0 1 - - - 5 . 8 8 -
H c c l u j f i y j . i t i u i i ^ i i u ! RiibiaceLie 0 . S 4 1 .56 2 . 4 S 1.一0 0 0 0 0 3 0 . 8 11.1 3 5 , 3 5 4 . 5 
Hi:'civiJiis iltjliisu R u b i a c e a e 0 , 1 2 - - - 0 - - - 7 . 6 9 - - -
- — “•.. .、一、 丨••”-、一 — - 一 … — 一 •.一.一 — — . • - • .- • I I - _ ‘ - • — 一 一 , 一 . . _ _ _ , __,..  
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D e n s i t y ( l O O n f ‘) C o v e r % F r e q u e n c y % 
S p e c i e s ' F a m i l y 9 7 9S 9 9 0 0 9 7 9 8 9 9 0 0 9 7 9 8 9 9 0 0 
Hypericumjapoiucinii H y p e n c a c e a e - - - 0.14 - - - 0 - - - 9.09 
Lindcrnia cnishicai Scrophulariaceae 0.24 - 0.09 - () - 0 - 7.69 - 5.88 -
Oxali.: c o r n i c u U i f d O x a l i d a c e a e - - - 0 . 1 4 - - - 0 - - - 9 . 0 9 
PrcivcrpscUi indicci Compositae 0.12 0.17 - - 0 0 - - 7.69 11.1 - -
Ric/uirdui scdhru R u b i a c e a e - 0 . 1 7 - - - 0 . 0 2 - - - 11.1 . _ 
Scsluinici sp . P a p i l i o n a c e a e - 0 . 3 5 - - - 0 - - - 11.1 - -
T O T A L C O V E R % 4 . 8 6 8 . 4 7 1.31 0 . 4 3 
L I A N A S 
CcLssvilui JiliJoi-iiiis L a u i . a c e a e -
Diiiihcirid ronindijolici P a p i l i o n a c e a e N A - - - 1 .20 - - - 7 . 6 9 - - -
Iponioca cdiricd C o n v o l v o n a c e a e 0 . 1 2 - - - 0 - - - 7 . 6 9 - - -
Mikcinici inicrdiil/ici Compositae 0.24 0.17 0.18 0.14 0 0 0 0 15.4 11.1 11.8 9.09 
Pharhnis iiulicd C o n v o l v o n a c e a e - - 0 . 0 9 0 . 1 4 - - 0 0 - - 5 . 8 8 9 . 0 9 
Piiercirici phciscoloulcs P a p i l i o n a c e a e N A - - - 2 . 4 0 - - - 7 . 6 9 - - -
SDUU^X CIIIIKI S m i l a c a c e a e 0 . 1 2 0 - - - 7 . 6 9 - - -
T O T A L C O V E R % 3 . 6 0 0 0 0 
G R A S S E S 
ApliuUi miiiicci G r a m i n e a e N A - - 0 . 0 6 - - - 7 . 6 9 - - -
Cvinhopogou G r a r n i n e a e 0 . 1 2 - - - 0 . 0 1 - - - 7 . 6 9 - - -
luiiiiciicihis 
Digiiaria sp . G r a r n i n e a e - - N A N A - - 0 . 0 5 0 . 0 7 - - 5 . 8 8 18 .2 
Ecliiiiochlini culoniiDi G r a r n i n e a e - - 0 . 0 9 0 - - - 5 . 8 8 -
Eni'-'i-osiis ciirvLilc Gra in ineae - - N A - - - 0.01 - - - 5 .88 -
o 
I s c h a e i m i m b a r b a i u m G r a r n i n e a e 0 . 3 6 0 - - - 7 . 6 9 - - -
IscluicnniJii iiiiliciiiii Graniineae 0.12 0 - - - 7.69 - - -
Lsc /memuni sp. GrLimineae 0 . 8 4 - - - 0 - - - 23 .1 - - -
Pcispu/iini c(jnjug(i!u!n G r a r n i n e a e - - N A - - - 0 . 0 1 - - - 1 1 . 8 -
Pcispciltim (lilcifcninii G r a r n i n e a e - - 0 . 0 9 - - - 0 - - 5 . 8 8 -
PaspLihini G r a r n i n e a e - - 0 . 0 9 - - - 0 .01 - - - 5 . 8 8 -
scrohiciiUnuin 
P()<~M)iutihcntni cnmiuin Grarnineae - NA - - - 0.02 - - - 11.1 - -
O 
Rhynchclyirmu rcpcns G r a m i n e a e 0 . 1 2 N A N A 0 . 1 4 0 0 . 5 2 0 . 0 9 0 7 . 6 9 3 3 . 3 5 , 8 8 9 , 0 9 
Saccioli'pis iiiilicci G r a m i n e a e N A - - - 0 . 1 2 - - - 7 . 6 9 - - -
Sctariu P(IIII(!L'-JII.SCLI G r a m i n e a e - - 0 . 0 9 0 - - - 5 . 8 8 -
Sciarui sp. G r a m i n e a e - - 0 . 1 8 - - - 0 . 0 9 - - — 5 . 8 8 -
T O T A L ( ' O V t : k % 0 . 1 9 0 . 5 4 0 . 2 6 0 . 0 7 
. .、、 .、 - - " N " - ' ‘ 、 - ~ ^ 、 �.-V»->>«~w~<-、V<- 一 
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D e n s i t y ( 1 0 0 m " ' ) C o v e r % F r e q u e n c y % 
S p e c i e s ' F a m i l y 9 7 9 8 9 9 0 0 9 7 9 8 9 9 0 0 9 7 9 8 9 9 0 0 
S E D G E S ~ ^ “ 
Cypcrus huspun C y p e r a c e a e - - - 0 . 1 4 - - - 0 - - 9 . 0 9 
Mdn^cus umhclldiiis C y p e r a c e a e - 0 . 1 7 - - - 0 - - - 11 1 - -
PycrcLis polvsuichvLis C y p e r a c e a e 0 . 3 6 - - - ( ) - - - 15 .4 . . _ 
T O T A L C O V E R % () 0 0 0 
F E R N S 
LvgodimujLiponicuni Sehizaeaceae - - - 0.14 - - - 0 - - - 9 09 
T O T A L C O V E R % 0 0 0 0 
A n 卞 ' A � ’ in d e n s i t y i n d i c a t e d t ha t the n u m b e r o f i n d i v i d u a l s c o u l d no t be d e t e r m i n e d ; o n l y c o v e r a g e c o u l d 
be e SI i m a led in the c a s e , 
A 111 cu\.e丨.(, '<)indicated the p r e s e n c e o f the s p e c i e s bu t its c o v e r % w a s n e g l i g i b l e . 
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Table 5.5 Density，coverage and frequency of the invaders in various phases of LTQ. 
Density (1 OOm'') Cover % Frequency % 
Species 丨 Family 96 98 99 96 98 99 96 98 99 
TRElfS ~ ~ ^ “ 
BrulL'i.Hi lonicniasii huphoi'biaceae 0.94 Q - - 30 -
FicLis hispidn N4oraceae 0.16 - - 0 - - 10 - -
Liist'ci gliiiiiK^.sci Lauraceae 0.16 - - 0 - - 10 - -
Lop/iosfcnion confcnus Myrtaceae 0.16 - - 0 - - 10 - -
Macaranga lauanus Euphorbiaceae 0.78 - 0.16 0 - 0 30 - 10 
Pi mis L^llujiii Pinaceae 0.31 - - 0 - - 10 - -
Rhus chin ens IS Anacardiaceae 3.59 - - 2.34 - - 10 - -
Rhus siicccdcineci Anacardiaceae 0.16 0.16 - 0 0 - 10 10 -
Trenui onojiLihs Ulmaceae - - 0.31 - - 0 - 20 
T O T A L C O V E R % 2.34 0 0 
Sl-IRUBS 
Di'sniociiiini Iw丨l'i.(k•⑴-poii Papilionaceae NA 0.94 - 7.81 0.47 - 40 20 -
Diirai•！(I ivpcn.s Verbenaceae 0.16 - - 0 - - ] 0 -
Ilex CI spiv I let Aquifoliaceac 0.16 - - 0 - - 10 - -
In(/i^(jfci'ci hnsuiLi Papilionaceae 0.78 0 - - 20 -
Lcintciiici ccinicra Verbenaceae 0.16 0.16 - 0 0 10 10 -
Melastoiiici ccindicluin Melastomataceae 0.63 - 0.31 0 - 0 40 20 
M c U i s k j u i l ! sd/igiiincuin Melastomataceae 0.31 - - 0 - - 20 - -
Raphiolcpis uulicLi Rosaceae 0.31 - - 0 - 20 -
Urcnu lohaia Malvaceae 0.16 - 0.16 0 - 0 10 - 10 
T O T A L C O V E R % 7.81 0.47 0 
HERBS 
Agercinim convzoidcs Compositae NA NA NA 7.67 23.6 9.38 100 100 90 
Alienuinilicrci nodi flora Amaraiuliaceae - 0.16 0 10 -
Alien. jiiilici-(i sc.sm/i.s Amaranthaceae - - 0.16 - - 0 - - 10 
Alv.siccir/)ii.\ \'iigiii(i/i.\ Papilionaceae - 0.625 0 - - 10 -
B k I l ' h s pilosii ‘ Compositae NA NA 3.44 22.8 7.50 0,94 100 100 90 
Ccnrulla asiunca Umbellilerae 0.78 0.63 0.16 0.16 0 0 20 10 10 
Coiivici honaricnsis Compositae 6.25 0.16 - 0 • 0 - 50 10 
Conyzu canadensis Compositae 0.94 0.16 0.78 0 0 0 30 10 40 
Convza sp. Compositae 11.1 NA 11.1 0 0.08 0 100 100 80 
D l ' s i i i o c I i u i i i Kjniiusiini Papilionaceae - - NA - - 3.28 - - 40 
Eclipiti pivsiraici Compositae 0.16 - 0.1() 0 0 10 - 10 
Enii/ia .s(jiic/iiJ<jliu Compositae 0.31 NA 3.91 0 0.23 0 10 100 80 
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Density (lOOnf') Cover % Frequency % 
Species 丨 Family 96 98 99 96 98 99 96 98 99 
Ercchfues hicruciJolKi Compositae - - 0.16 _ - 0 - - 10 
Eiip/iurhui /unci var ivpica Euphorbiaceae - 0.63 o - - 30 -
HcdviUis corvnihosa Rubiaceae - - 0.78 - - 0 - - 30 
Hcdvoii.s cli/fii.sii Rubiaccae - 0,16 - - 0 - - 10 -
Lindcniici cj'ii.suiccci S c r ophu l a r i a c e ae - N A N A - 2.81 2.5 - 50 50 
M u - l i s pimnlus Scrophulariaceae - 0.16 0 - - 10 -
Oxahs cornicLilLitu Oxalidaceae 0.78 0.16 0.16 0 0 0 30 10 10 
P/iy/laiif/ui.s in-inciria Euphorbiaceae - 1.72 NA - 0 2.42 - 40 40 
Pm!二()bui 二t)、]⑴iiai Urticaceae 0.16 - - 0.08 - - 10 - -
Prcrocvp.si'/ci indicn C o m p o s i t a e 7 .5 1.41 0 . 16 0 0 0 100 50 10 
Sco/jcirui cltilcis S c r ophu l a r i a ceae 5 .47 2 . 19 0 . 16 0 0 0 50 20 10 
Sciiicllcinci hcirhcifci Lab i a t ae 0 . 16 - - 10 - - 0 - -
Sonchus cu'vcusis Compositae 1.09 2.03 0.31 0 0 0 40 60 20 
Vcruouiu ciiiercci Compositae - - 0.78 0 - - 30 
TOTAL C O V E R % 40.7 34.2 18.5 
LIANAS 
Cussvilui l'ilil(ji-iiiis Lauraceae 0.16 - - 0 - - 10 - -
Loniccrci reiiciilcini Capri lb liaceae 0.16 - - 0 - - 10 - -
Mikcuua iiitcrciii/'ui Compositae 7.66 5.47 0.16 0.16 0 0 90 80 10 
Pciederui sccinilais Rubiaceae 0.16 - - 0 - - 10 - -
Sinilax c/iiiKi Smilacaceae 0.16 - - 0 - - 10 - -
TOTAL COV t :R % 0.16 0 0 
GRASSES 
Digitcirui sp. Gramineae - - 1.25 - - 1.09 - - 40 
Digiiariii \'i(j/cisccii.\ G r a m i n e a e 0 .47 - 0 .16 0.31 - 1.09 10 - 10 
Elcusinc sp. Gramineae - - 0.16 - - 0 - - 10 
Ncyrci'idiii iirunclnmccci Gramineae - NA - - 0.78 - - 10 -
Ncvraudiu ivyiniiu/iiina Gramineae NA 0.63 0.16 2.34 0 0 30 20 10 
Ncvrciiic/ui sp. Gramineae 3.13 0.94 1.72 0.18 0 0 60 30 50 
Piiiiicuiii iiuixiiiiuni Gramineae 0.16 - - 0 - - 10 -
Paspuluni coii/ti^ciiLini Gramineae - - 0.47 0 10 
Pas/jaliiiji (hlciluiiini Gramineae - 0.47 0 - - 20 -
Pdspdiiiiii urvillci Gramineae - - 0.31 - - 0 - - 20 
Pogoiiaihcnini crimitiin Gramineae - 0.63 0 - - 30 -
R/iviic/iclvirinii ivpcn.s Gramineae 8.13 1.41 0.31 0.16 0 0 60 40 10 
Scmna jxi/lu/c-Jii-scd Gramineae - - 2.03 - - 0.70 - - 60 
168 
Density (100m"') Cover % Frequency % 
Spe"〔、丨 Family 96 98 99 96 98 99 96 98 99 
、Sc)/"/7" Y"•丨(lis Gramineae - _ 0.47 - - 0.09 - - 30 
St'iarid sp, Gramineae - - 0,63 - - 0 - - 10 
Spomholus Jenihs Gramineae 0.16 - 0.16 0 - 0 10 - 10 
TOTAL COVER % 2.99 0.78 2.97 
SEDGES 
Cypcrus hivvifolis Cyperaceae - N A 0.31 - 0.03 0 40 20 
Cypcrus huspan Cyperaceae 0.16 - - Q _ . 10 - -
Cyp^'rns sp. Cyperaceae - 0.63 2.03 - 0.08 0.16 - 30 80 
Fimbrisiylis (lichoioiua Cyperaceae N A 0.47 - 0.02 0 - 70 20 -
Fiiiihnsiv/Ls sp. Cyperaceae - - 1.25 - - 0.31 - - 40 
Kyllingui polyphylla Cyperaceae NA - - 0.47 - - 10 - -
M l u ' i s c u s iinihclkinis Cyperaceae - 0.16 0 - - 10 -
Pvdvus polvsicichvit.s Cyperaceae N A 0,16 0.16 0.16 0 0 10 10 10 
T O T A L C O V E R % 0.65 0.11 0.47 
FERNS 
Blec/uiiini oncnnilc Blechnaceae 0.47 0 - - 30 -
Bi-ciincci insigriis Blechnaceae 0.16 - - 0 - - 10 - -
Cyclosorus pcu-usiiicus Aspidiaceae 1,88 - - 0.08 - - 60 - -
Cvclosonis sp. Aspidiaceae NA NA - 0,17 0,02 - 30 80 
DicraiKjpicri.s liiicctris Gle icheniaceae N A - - 0.78 - - 10 - -
Lygodliiiii jci/joniciiiri Schizaeaceae 0.63 0.63 - 0 0 30 20 -
L)-go(liiini sccuiduns Schizaeaceae 0.16 0 - - 10 -
Lygodiiiui sp, Schizaeaceae 3.59 2.5 - 0.09 0 60 60 -
PiiyrogrciDiniLi calfjiiic/cinos Prendaceae - 4.84 - - 0.94 30 
Pteridiimi cujiiilnuni Ptendaceae N A - - 0.31 - 10 
PiL'ris scnii/)iiiiiLii(i Pleridaceae 0.31 0 - - 10 -
Pi ens VI 11(11 (I Ptendaceae 13.3 NA NA 5.16 7.34 0.47 100 90 50 
TOTAL C O V E R % 6.59 8.30 0.47 
An ‘‘NA’’ in density indicated that the number of individuals could not be determined; only coverage could 
be estimated in ihe case. 
A “0、' in co\-er'/o indicaled the presence of the species but ils cover% was negligible. 
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sens山\ ity lo erosion and a low carrying capacity lo vegetation regeneration (e.g. on 
ban-en hills) (Claassen and Zasoski 1998). In the two quarries studied, erosion was 
strictly conlrolled cind there was room for colonization. LTQ had a higher rate of 
colonization, especially in the first two years of establishment. 
Herbaceous plants like Ageratum conyzoicles, Conyza spp., and Emilia 
soncJuJolia. seemed to be generalist in colonization, as they occurred at all phases of 
the two quarries. In LTQ, when the plantation canopy closed after several years of 
establishment, grasses started to fade out in species number and they were replaced by 
ferns and lianas (Table 5.3), but there were no obvious changes in their total 
percentage coverage observed. Decrease in grass species did not happen in SOQ, 
probably due lo the poorer development of、tree saplings on the site. It is normal to 
have a negative correlation of grass density with crown cover, stem density and basal 
diameter of frees as grass is generally light-demanding (Parrotta et al. 1997a). The 
opposite IS valid for vines, however. Coverage contributed by shrub species 
increased on both sites, though more obvious in S O Q in the first two years. The 
high percentage coverage in S O Q was mostly provided by Desmochum heterocarpon, 
which was facilitated by the slow shading effect of the plantation, although it has 
certain degree o「shade tolerance ('t Mannetje and Jones 1992). For trees, although 
LehicCiena leiicocepluila colonized quickly in SOQ, a clear colonization of various 
species happened only in LTQ, but the percentage coverage could not reflect the 
change because of their small juvenile canopy spread. 
The coverage by the invaders increased more rapidly in S O Q than LTQ in the 
first ilirec years, as described. Legumes became more and more dominated with 
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timL、in SOQ, while Compositae took this role in LTQ. 
5.3.3 Ranking o「si)ecies 
Table 5.6 and Table 5.7 ranked the invaders and the regenerated species 
according to their relative frequency and relative dominance. Only the top three 
species for each phase were included. 
In LTQ, AgeraiLini conyzoides dominated in all phases, although it seemed to be 
replaced by Biden pilosa gradually. Fern like Ptens vittata lost it advantage also 
after 4 years o「devdoprnent. Two species of Desmodium were found common in 
LTQ, but they existed on different phases. This might be highly related to the 
activities of dispersal agents. They have seeds enclosed by segmented pods that 
stick to the skin of any large animals passing by (e.g. feral dogs or site workers); 
otherwise the seeds will be expelled mechanically. 
In SOQ, D. heterocarpon was, however, the most dominating species starting 
from 2 years after phase establishment. Leucaena leucocephala and Ageratum 
conyzoides also consistently dominated the older phases. They are both exotic and 
naturalized species. This awake us the potential threat to successful rehabilitation 
and to the local ecosystem brought by those exotics that were able to dominate on site 
and regenerate themselves in Hong Kong (Robinson and Handel 1993). 
5.3.4 Invaders for exploration 
Potential species for exploration in future restoration should have the following 
characteristics. The species should be non-aggressive but fast growing with high 
tolerance lo di-oughl and infertile condition. It should be an advantage if the species 
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Table 5.6 Top three rankings of each phase in LTQ. 
Relative Relative 
Phase Species frequency % dominance % Sum % 
96 Bidens pilosa 5.78 44.51 50.29 
Agcrciiitm conyzoides 5.78 14.97 20.75 
Desniodimn heterocarpon 2.31 15.24 17.56 
98 Agerutuin conyzoides 7.19 53.78 60.97 
Bidens pilosci 7.19 17.09 24.29 
Piens vittata 6.47 16.74 23.21 
99 AgerafLiin conyzoides 7.50 41.78 49.28 • 
Des/nodiiini tortuosurn 3.33 14.62 17.96 
Lin derm a crustacea 4.17 11.14 15.31 
Table 5.7 Top three rankings of each phase in SOQ. 
Relative Relative 
Phase Species frequency % dominance % Sum % 
97 Des mod I u n i h e t e roc a rpon 16.00 55.41 71.41 
Leiicaeiui leucocepliala 5.33 28.44 33.77 
AgeratLini conyzoides 17.33 7.09 24.42 
98 Des I nodi 11 ni h eterocarpon 16.36 68.55 84.92 
Leu cae/ici I ei icocep h a I a 16.36 14.98 31.34 
Agercitum conyzoides 16.36 12.08 28.44 
99 Desniodiiini heterocarpon 18.75 62.95 81.70 
/]genuu/11 conyzoides 17.19 24.19 41.37 
Hedyotis acutangula 9.38 N A 9.38 
00 Acrercuiiin convzoides 16.67 85.71 102.38 
o • 
Digimria sp. 5.56 14.29 19.84 
HcLlvoiis ciculangula 16.67 N A 16.67 
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possess attractive IVliiI for birds or other seed dispersal agents, so that they can serve 
as regeneration nuclei and the speed of vegetation succession after plantation could be 
enhanced. Capability to increase soil fertility is also advantageous. Natives 
bearing bemes or drupes and local legumes in this way are likely candidates with high 
potential for development, in the sense that most of them could facilitate seed 
recruitments or enrich soil nitrogen through nitrogen fixation in the rhizosphere 
(Sprent and Sprent 1990). [t is a plus if abiotic pollination is possible, or their 
pollinators are general, ubiquitous and predictable, so that a large production of 
attractive fruits can be ensured (Rosales et al. 1997). 
、 Tree species was relatively rare among the colonizers in the quarries, and for 
those natives lb unci, most (e.g. Bnclelia tomentosa, Lit sea glut i no s a and Macaranga 
taiiariiis) have been tried in various restoration programmes, while some are exotics 
(e.g. Leiicaena leucocephala). Three species, namely Rhus chinensis, R. succedcmea 
and Trenui oricutcdis, required additional attention. They in fact occur on dry 
scrublands locally and all bear drupes (Hill 1978a, Thrower 1988). Their occurrence 
in the quarries was probably resulted from seed rain generated by birds. R. chinensis 
was also planted by the contractor in SOQ, although inter-phase comparison was not 
possible and their height obtained in the stLidied phases were not encouraging (Cha 3). 
Nevertheless, not a few individuals of over 1 m were encountered in SOQ. Three 
individuals ofover 3 m were found near the boundary of Phase 98 (so they were not 
included for analysis in Chapter 3). Obviously, the suitability of this species in 
plantation needs broader and more detailed investigation. 
Shrub spccies were present in greater number and frequency. More than 40% 
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of the 17 species were legumes. Only Mimosa piidica is naturalized exotic (Corlett 
1992c). The occurrence o「Melastoma spp. was expected, as they are pioneer 
colonizers on scrublands and many degraded sites (Hill 1978a). They were also 
plamed in the quarries, together with Raphiolepis uuIlcli. Native species that draw 
special alleiilion are the large shrubs Clerodendnim japoiucuni and Ilex asprella, and 
the small ones Tnunifetta spp.. They are also common species on local scrublands 
and degraded sites, also found invaded in other studies (Hill 1978a, Lui 1999). 
Triuiiijcnci spp. are exozoochoric species that reply their dispersal on large animals. 
Herbs (excluding ferns and lianas) comprised the largest proportion in the 
species list (Table 5.3). Most of them were common to degraded sites and many also 
existed on landfills (Lui 1999, Choi 2000). However, it is interesting to note on the 
distribution ol、some species. Hedyotis acutangiila was present in all studied phases 
of S O Q but It was missing in LTQ. Others like Achy ran thus aspera var. indicci were 
also encoLintered in more than one phases of S O Q but absent in LTQ. Two possible 
reasons can account for this. Firstly, these species may prefer drier and more 
exposed sites as in SOQ. Further study is needed to study their obligatory 
requirement to such condition. Seed availability is another possible reason. Either 
there were few seed sources for the four species or their seeds failed to disperse to 
LTQ. This was obvious for A. aspera var. in die a as they rely on animals for 
dispersal, with the help of sticky cliaspores; most possibly feral dog is the disperser on 
the sites. However, Ureiia lob at a, another shrubby herb with similar dispersal 
property did not show this discrepancy. Herbs that were present only on LTQ 
included CeiuelUi cisiatica, Scop aria did c is and Son elms a rv ens is (found in all phases 
o「LTQ)’ and Eclipla prostata and Phyllanthus urinaria (in two phases of LTQ). 
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Herbaceous species (including grasses, sedges, lianas and ferns).present at all 
studied areas of the quarries are habitat generalists. They were Ageratum conyzoules, 
genus Convza^ Emilia soiichifolia, Mikania micrantha and Rhynchelytrum rep ens. In 
fact, most o「them are weeds, especially M. micrantha, which is a serious threat to the 
local ecosystem. 
In the whole species list, as happened on other degraded sites, the flora on 
quarries was dominated by several families (Lui 1999, Choi 2000). They were, m 
descending order of species number, Gramineae (25), Compositae(l3), Papilionaceae 
(11), Cyperaccae (8), Rubiaceae (6) and Euphorbiaceae (5). The top woody family 
was a legume family, Papilionaceae. 
Thirteen legume species from two families (Mimosaceae and Papilionaceae) were 
encountered w11hin the studied areas of the two quarries (Table 5.8). Ten of them are 
native to Hong Koiig. A d d i t i o n a l legumes found in walk survey within the quames 
were also recorded for reference (Table 5.8). They are mostly autochorous 
(mechanically dispersed), although some of them are optimal zoocliorous or 
a n e m o c h o r u s (assisted by animals or wind). The diaspores may either process 
hook-like hairs on the surface or they are light enough to be carried by wind for a 
short distance. Muuosa pudicci and Leucaena leucocephala were present at all phase 
of SOQ, bill were completely absent in LTQ. Desmodium heterocarpon was found 
nearly in al! studied areas, and abundantly in older phases in SOQ. Among these 
l e g u m e s , Lcspeclcza, Desniodium and Phyllodium are common on scrubs, while 
Indigo!era spp. were also common on plantation or abandoned land (Hill 1978a). 
Dcsniocliuin heterocarpon has already been adopted as a cover crop within tree 
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Table 5.S LegiiiTiiiioiis plants found in two quarries. 
SOQ LTQ 
^ … Life Dispersal 
冲ecies name Chinese name Family form 97 98 99 00 96 98 99 agent 
Alvsiccirpu.s vaginalis M i 莢 i i Papilionaceae Herb + + A 
Desniodnini /icicroccir/)oii f段地J,/. Papilionaceae ghrub + + + + + + A，N，Z 
Dcsniodium loriuosuni 卞H:莢111糸条显 Papilionaceae Herb + A, N, Z 
Desmoihuui vcliiiinuni 絨毛勸.1..I綠豆 Papilionaceae shmb + A, N, Z 
Duiiharici roiuiKlifolui _薬[吁丨晶豆 Papilionaceae Liana + A 
/iiciigojcrci hirsiiic 岡Ij毛木藍 Papilionaceae siu.ub + + A 
Ll)si)c〔Il)二u cuncaia 截葉鐵棉；帯 Papilionaceae shrub + A 
* Lciiccii'ini /ctic(jcc/)/i(i/a 銀合f欧 Mimosaceae 十 + + A 
Muno.sd piic/icii Mimosaceae Shrub + + + A , N, Z 
PhrllodiLii]! sp. _三錢核j.(屬） Papilionaceae shrub 十 A 
PiLTolonm iriqiicli-itiii 胡蘆.茶 Papilionaceae 。^【飞山 + A, N, Z 
PiiiTcirui plicLsco/ouics -王裂葉阳：葛 Papilionaceae Liana + A 
ScshciiiKi sp. hH 舞屬 Papilionaceae Herb + A 
WALK SURVEY 
IiKligo/frd sLifjriiticosci ili.f肯樹 Papilionaceae shrub A 
Rhvnciiosici vol u hi lis Papilionaceae Liana A 
Macropiihiiiii Liiroptii-piirctini l-llWt^'h^L Papilionaceae Liana A 
Aivlosia sccircihaeoiL'/cs 'fe-'栽溫JLL Papilionaceae Liana A 
Possible dispersal agent based on di a spore morphology - A: autochoms; N: anemochorus; Z: 
zooc horns. 
* Exoiic species ('l Mannetje and Jones 1992, Corlett 1992a, Anon. 1993) 
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plantalion in some Asian countries. Its rapid growth rate is well recognized. In 
addition it is quite a hardy species with high tolerance to low fertility and high acidity. 
A vaginalis and P. phaseoloides have been similarly used as cover mix. The latter is 
also excellent in controlling erosion and smothering weeds due to its deep-rooting 
properties and wide-spreading ability respectively (丨t Mannetje and Jones 1992). 
Advantages of planting legumes are many. Their high productivity enables the 
rapid covering of bare ground and they improve not only the physical but also the 
chemical and biological properties of soil (Thomas 1995). Deep-rooting species are 
also valuable to erosion control (Virgonia 1990). Their capability of nitrogen 
f i xa t ion makes them valuable in enhancing soil fertility (Kadi at a et al. 1996). Litters 
of legumes are usually low in C:N ratio, so facilitating the rate of decomposition 
(Kendle and Bradshaw 1 992), but studies found that high litter tannin level of some 
legumes (e.g. Desmodnun spp.) would conversely inhibit decomposition rate instead 
(Thomas 1995), a phenomenon that needs further investigation. Some of these 
spec i e s are d e c i d u o u s or semi-deciduous (e.g. L. leucocephala and D. heterocarpon), 
while others are annual (e.g. AlysLcarpus vaginalis). Thus, they are generally able to 
provide space and light for the colonization by other plants. However, in the 
establishment phase of nearly all projects, plants other than those appeared in the 
planting list were "weeded" non-selectively (Anon. 1992). This should be another 
reason that delays soil fertility enhancement and arrest vegetation succession within 
the first few years. 
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5.4 C o n c l u s i o n s 
Though slowly, the quarries were enriched by different kinds of invaders. 
These colonizers survived on site through natural screening and should be valuable 
resources for Rmhei. utilization. It is true that their existence is spontaneous, but 
deliberately incorporating them into revegetation programme may help speeding up 
the SLiccessional process. Among these invaders, legumes deserved attention due to 
their abundance and their nutritional advantages. Desinodium spp. was the 
coiTimoiiest woody plants colonizing restored quames. With large number of seeds 
produced by these plants they are able to establish a ground cover on reinstated soil 
rapidly. It should be a valuable pioneers if there is study proofing that their 
establishment will have no inhibition to other invaders. 
Though rare, there were a few tree species that displayed their potential in 
establishing on this degraded landscape as pioneers (e.g. Rhus spp. and Trema 
oriental is). As they are common on natural shrublands, their absence in the 
conventional plantation list may be just a reflection of seedling unavailability and 
misunderstanding rather than their low success rate. Obviously more similar cases 
exist in our flora pool and more potential species could be identified if effort is paid to 
surveys on more sites. 
The incorporation of shrubs and herbs in plantation, is suggested as a possible 
new approach in restoraiion programme. This can be done either through 
hydroseeding or direct planting. These species usually develop more rapidly than 
trees, as happened in the quarries. Shrubs are valuable as they could act as nurse 
species for those planted trees. Together with herbs, they can provide an attractive 
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habiLiU quickly to insects and other animals. For annual species, the large amount of 
their litters also facilitate the improvement of the soil, besides giving ways for other 
colonizers. 
Care should, however, be taken so that aggressive weedy species like L. 
leucocep/uilci, which form dense canopy and inhibit regeneration of other species, 
should be avoided in species recruitment. Boarder studies on their plants' 
requirements for growth and their life cycle should be initiated, so as to explore more 
potential species. 
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CHAPTER 6 PERFORMANCE OF FIVE NATIVES UNDER DIFFERENT 
N:P COMBINATIONS 
6.1 Introduction 
As mentioned in Chapter 1, native species are usually labeled with their high 
nutrient requirements. However, field study of the response of non-agronomic 
species to fertilization was scarce in the tropics. The current challenge to ecological 
restoration is the lack of information about the establishment characteristics and 
growing requirement of wild species (Dobson et al. 1997). For local forestry in 
Hong Kong, not only were field tests lacking, ex-situ studies on fertility requirement 
of native trees were also rare. As a result, natives are continuously regarded as 
non-pioneer and shade-adapted species in one-cut. In some foreign studies, 
non-pioneer species were found to have lower response to fertilization than the 
pioneers. They increased their biomass accumulation only to nitrogen addition, in 
opposed to pioneer species, which responded to both nitrogen and phosphorus 
(Fetcher et al. 1996). All made the successful establishment of natives less 
promising. 
Soil nitrogen solely comes from the air and decomposition of organic matters. 
In such a substratum material as CDG, nitrogen should be scare without vegetation 
cover, but it is in fact an important nutrient to plants. Thus, nitrogen is also regarded 
as the major limiting factor to plant growth and ecosystem development (Dobson et al. 
1997). Phosphorus, another macronutrient to plant growth, even if present in an 
adequate amount, may not be fully available to plant because of precipitation at low 
pH or the fixation by iron and/or aluminum ions (Brady and Weil 1999). Acidity of 
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C D G was reported frequently (Chau and Lo 1980, Jim 1996, Tsang 1997, Chan and 
Chan 2000, Chan 2001), although the acidity of the C D G samples in this study was 
generally moderate (Cha. 2). Phosphorus availability has been suggested as the 
major limiting factor lo tropical species on moist ultisols (Vitousek 1984). Therefore, 
phosphorus is also a potential limiting factor to plant growth on this substratum. 
In this chapter, five natives and two exotics were assayed for their growth 
response lo nitrogen and phosphorus. The results obtained would provide more 
in formation aboul plant growth requirement when water is not limiting. Study on 
the species requirement on fertility will assist the evaluation of the fertilization 
scheme and may have a useful implication for natives to be used cost-effectively in 
reforestation and restoration programmes. 
6.2 M a t e r i a l s a n d [Me thods 
For practical reason, only five native species of those adopted on site in Chapter 
4 were selected for this experiment. They came from different plant families, but 
priority was again given to those families that are common and representative to Hong 
Kong (Chapters 1 and 4). Two exotics, the leguminous Acacia auriculiformis and 
the non-legume Lophostenion confertus, were consistently included for comparison. 
To minimize source effect on the various treatments with limited replicate number, 
tree seedlings (of age of 1 to 2 year) of the same species were all bought from K F B G 
Native Species Nursery unless not available, as opposed to the strategy in Chapter 4. 
All soil from the seedling soil core was removed gently in water so as to 
minimize dciiiiage lo the roots. Before transplantation, the Fresh weight of the 
soil-free plant was recorded. Plastic pots of 19 cm in diameter and 20 cm in height 
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were used. The soil used came from the C D G of Shek O Quarry stockpile (Chapter 
2); coarse stones were removed by passing the soil though a 2 era mesh. To protect 
the bare roots, they were first coated with a film of saturated clay derived from the 
soil washed out from the soil core. The seedlings were then replanted and they were 
watered until the soil was saturated. These ensured immediate good contact of roots 
to the soil. After an acclimatization period for recovery of any possible wound, the 
experiment started from mid-March 2001, the beginning of the growing season. 
The plants were investigated for their responses to addition of different N:P 
combinations of fertilizer. Nitrogen was applied as a m m o n m m nitrate while 
phosphorus as calcium bis-dihydrogenphosphate (single superphosphate), taking the 
advantage that calcium ions facilitate the uptake of P by plant roots (Rao et al. 1999). 
The nutrients were prepared fresh in aqueous form for fast application. For nitrogen, 
five concentrations were used, viz. 0, 25, 50, 100 and 200 kg N / ha (approximately 0, 
180, 360, 710 and 1440 m g / pot respectively). Phosphorus was applied in three 
dosages: 0, 20 and 40 kg P / ha (approximately 0, 190 and 380 m g / pot respectively) 
(Table 6.1). The dosages took reference to several nutrient assays of different plants 
(Rao et al. 1999). Each set of nutrient combination was replicated four times and the 
pots were arranged in randomized blocks in a greenhouse. The experiment lasted for 
four months. The plants were watered where necessary, according to the greenhouse 
condition, which was monitored daily for the air temperature and the humidity. 
Volume of water was strictly regulated so that field capacity was approximately 
maintained to prevent leaching of nutrients. Any undergrowth of weeds was 
removed manually to minimize their effect on the treatments. 
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Table 6.1 Treatments with different N:P level. 
N —> ‘ ‘ 
0 25 50 100 200 
P 0 0,0 25,0 50,0 100,0 200,0 
丄 20 0,20 - 50,20 - ~ ~ 200,20 
40 0,40 - 50,40 - I 200,40 
The first number is the nitrogen level while the second the phosphorous level (kg ha''). 
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Height and basal diameter were measured at the beginning and the end of the 
luui--momh period. A seedling was classified as dead when all the leaves had fallen 
with no live buds and the shoot wilted and desiccated. When there was more than 
one m a m shoot, the height was taken from the apical bud of the longest one to the soil 
surface. Basal diameter was measured with a Digimatic Caliper (Mitutoyo Corp., 
Kanagawa, Japan). The smallest value was recorded when the stem cross section is 
not circular，and for L. confertus, the value was taken immediately above the 
lignolLiber. Relative growth rates (RGRs) were expressed as relative height 
increment (RHI) and relative basal diameter increment (Rbdl) as described previously 
(Chapters 3 and 4). Leaf number was also recorded for information. 
Standing health of the seedlings was again expressed by ecophysiological 
parameters. Chlorophyll fluorescence was determined in terms of minimal (Fo) and 
maximal chlorophyll (F^) fluorescence as in Section 4.2.5.1 near the end of the 
experiment. 
Slonialal conductance and transpiration rate were investigated as well to 
represent the seedling physiological status. Due to the longer time required for the 
measurenient, their measurement were conducted only on four treatments, each with 
four individuals near the end of the experiment. They were of N:P ratios of 0:0, 0:40， 
200:0 and 200:40. ll was earned out by null-balance method (Beadle et al. 1992) 
with a Steady-stale Poromeier (LI-1600M, LI-COR Inc., Lincoln, USA) under 
sunlight intensity greater than 600" mol cm'', although the optimum intensity for the 
measurement should be 1000" mol cm'', a value that could hardly be reached in the 
greeiiliOLise condilion. 
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The seedling biomass was harvested at the end of the experiment. The soil was 
fii-st cleared completely m water to minimize the loss of delicate fine roots. The 
seedling was then divided into aerial and underground parts in the region where the 
roots first appeared. The two parts were weighed separately. After being dried in a 
ventilated o\,en al 65。C until there was no further change in weight, the dry mass of 
the two parts were then obtained. During harvest, the presence of any root nodules 
was also recorded for leguminous species. 
6.3 S t a t i s t i c a l an a lysis 
Two-way A N O V A was used to detect any interaction between the two 
independent 1 actors, namely nitrogen and phosphorus levels, on various scale 
variables. Where there was no interaction, the differences in height, basal diameter 
and dry weight within a single treatment were determined by one-way A N O V A . 
VValler-DLinCciirs Bayes VISD Test was earned out to locate the differences, if 
necessary (Carmer and Walker 1982, CI ewer and Scarisbnck 2001). Kruskal-Wallis 
Test was used to analyze the difference in leaf number nonparametncally, after 
ranking. All tests were performed by SPSS for Windows Release 10.0.1. 
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6.4 R e s u l t s a n d d i s c u s s i o n 
For the conclusions on the effect of the treatments to be valid, it is important that 
the variation on the initial values of all growth parameters among the candidates 
should be minimum. Seedling height and basal diameter at the beginning of the 
study were analyzed by one-way A N O V A at p<0.05 level (Appenpix IV), while the 
homogeneity in initial leaf number was also proved by Kruskal-VVallis Test (Appendix 
V). The initial varicition among the seedlings for different treatments were not 
significant, except the basal diameter of A. auriculifornus. As dry weight could not 
be obtained without destructive harvesting at the beginning, fresh weight of the 
seedlings within each species were compared among treatments instead. None of the 
species exhibited significant difference in fresh weight initially (Appendix IV). 
6.4.1 Height 
Growth extent of the seedlings varied with treatments, and the change was 
notably significant in terms of final height, except in A. auriculiformis and O. 
enicirgi/niui (Fig. 6.1, Table 6.2, Appendix VI). E. chinense gradually and 
s i g n i f i c a n l l y inc reased in he ight with N—treatments. For L. confertus, Q. edithae, S. 
cunii/ii and A7. veluiinci, the final height achieved increased with N levels, and 
levelled-ofT when il reached 50 to 100 kg N ha"', depending on the species. The 
situation was more or less similar in the relative height increment (RHI) within the 
study period (Fig. 6.2 and Table 6.3), but this transformed data gave a much clearer 
paltern on graphs. The four species again showed their positive response to 
increasing N levels and the change also roughly leveled off at about 50 kg N ha''. 
Hov\c\ cr, signi 11 earn di(Terence in RHI was not detected in E. chinense, in contrast to 
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Fig. 6.1 The effect of nitrogen fertilization on seedlings' height. 
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Tab le 6.2 T\vo-vvay ANOVA to C0111pare the fina l height of each speCles under 
di ffcrcnt N and P treallllents. 
A. (i l 1/' i C l ( I ilo /./ J lis 
Factor cll ' lVIS F P 
----
N 4 246 .08 1.4 1 0.254 n.s . 
p I 224.02 1.28 0.292 n.s. 
-
~ \. [J 
--+ 264.98 l.51 0.223 n.s . 
EITor ') ") 175 .09 .) -~ 
Total 44 
L. co 11 fi..' /'f liS 
Factor df MS F P 
N -\. 328.77 3.80 0.012 * 
P 2 102.06 2.22 0.124 n.s . 
N\P -\. 4.40 0.05 0.995 n.s. 
E no I' -, ") 86.46 .~ .~ 
Tota l 44 
lVlSD test : 
N-In'el () 25 50 100 200 
~l d b ab ab 
E. dlll/c'l/sl..' 
Factor df iViS F P 
N -\. 49 .61 3.17 0.027 * 
p ) 16.46 1.05 0 .361 n.s. 
N \. P -\. 14.46 0.99 0.429 n.s . 
Error 32 15 .67 
Total 43 
IvlSD le s t: 
N-le\'el 0 25 50 100 200 
,I a ab ab b 
/\,f \'l' / III i /I U 
F ~ILtol' cll ' NI S F P 
N 4 294.87 6 .63 0 .000 *** 
P 2 94.47 2.13 O. [ 35 n.s. 
N\P 4 42 .16 0.95 0 .448 n.s . 
E ITOI' ') ") 44.45 -) . ) 
Tow l -\,4 
rvlSD LL'st: 
N-levcl U 25 50 100 200 
d ab be c e 
O. ell/ (// :CSi /I (/ I U 
Faclor cif ivlS F P 
N -\. 33.00 1.79 0 . 154 n.s. 
p .2 4.42 0.24 0 .7 88 n.s . 
N\.P -\. 7. 9 \ 0.43 0 .786 n.s. 
Error 
') ") \ SA 1 -~ -~ 
Total 44 
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TliMc ().2 Two-way ANOVA to compare the final height of each species under 
dilTcreru N and P t r e a t m e n t s , ( c o n t ' d ) 
Q. ciliilutc 
Factor ^ ^ F P 
^ ^ 284.87 S m 0 . 0 0 1 ^^ 
P 2 16.34 0.34 0.715 n.s. 
N x P 2.00 0.118 n.s. 
Enor 33 48.15 
ToIliI 44 
MSD lesl: 
N-level 0 25 迎 100 200 
a ab be c c 
5". cumuli 
Factor df — F P “ 
N 4 381.47 0.003 ^ . 
P 2 178.84 2.32 0.114 n.s. 
N X P 4 103.15 1.34 0.277 n.s. 
Error 33 77.19 
Toial 44 
MSD ic'si: 
N-level 0 25 迎 100 200 
a ab b b b 
：丨。丨：and ：丨。丨。丨：denote the existence of significant difference for a factor at p<0.05, p<0.01 and p<0.001 
respectively. 
Nutnem le\els sharing the same letter have no significant difference at p<0.05 level by 
Waller-Duncan's Bayes MSD test (k-ratio=100). 
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Fig. 6.2 The effect of nitrogen fertilization on seedlings' RHL 
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Table 6.3 Two-way A N O V A to compare the RHI of each species under different N 
a n d P t r e a t m e n t s . 
丄 ciunciiliforniis 
Factor ^、 MS F P 
N 4 4.09x10- r25 
P 2 2.51x10- 0.08 0.926 n.s. 
N X F 4 3.25x10' 1.00 0.423 n.s. 
Error 34 3.26x10-' 
Toial 
L coii/criii.s 
Factor c^ ^ F P 
N 4 0.36 11.24 0.000 ^ 
P 2 2.44x10- 0.76 0.474 n.s. 
N V P 4 4.85x10- 1.52 0.220 n.s. 
Error 34 3.20x10' 
Tmal 45 
M S D lesi: 
N-level 0 25 50 100 200 
a b be c be 
E. chuicnsc 
— d f MS F P 
N 4 1.19x10- ^ 
P 2 4.1 1x10' 0.08 0.921 n.s. 
N X P 4 3.75x10-' 2.39 0.563 n.s. 
Error 33 4.99x10' 
Total 44 
M. rcliitiiui 
— d「 MS F P 
TT" : 4 iTi 0.000 ^ 
P 2 0.26 1.11 0.340 n.s. 
N X P 4 0.26 1.12 0.362 n.s. 
Error 34 0.23 
Total 45 . 
M S D test: 
N-level () 25 50 100 200 
a ab b c be 
O. L'imii乂iimki , , 
df ^ F P  
N 4 9,85x10- r ^ 0.118 
P 2 5.05x10- 1,02 0,371 n.s. 
N X P 4 1.38x10- 0.28 0.890 n.s. 
Error 34 4.95x10' 
Total 45 
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Table 6.3 Two-way A N O V A to compare the RHI of each species under different N 
and P treatments, (cont'd) 
O. cdithcic 
_cl1； ^ F P 
N 1 ^ 0.001 ^ 
P 2 1.78x10- 0.23 0,797 n.s. 
Nxl .) 4 5.48x10' 0.70 0.595 n.s. 
En-or 34 7.79x10" 
Toial 45 
MSD lest: 
N-level 0 25 ^ IQQ 200 
a ab b ab b 
S. ciiniini 
df MS F P 
N 4 055 ^ 0.004 ^ 
P 2 8.73x10' 0.74 0.484 n.s. 
N X 1) 4 0.20 1.69 0.174 n.s. 
Error 34 0.12 
Total 45 
MSD lest: 
N-level 0 25 50 jOQ 200 
a b b ^ b  
*’ “ and 沖丨：denote the existence of significant difference for a factor at p<0.05, p<0.01 and p<0.001 
respectively. 
Nutnenl levels sharing the same letter have no significant difference at p<0.05 level by 
Waller-Duncan、Bayes MSD test (k-ratio二 100) 
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height, though it tended to increase and reached a plateau at about 50 kg N ha''. 
This situation i m p l i e s that the response of E. chinense lo different treatments varied to 
a lesser extent than other species. The significant difference in absolute height might 
be a c u m u l a t i v e effect brought about by original initial difference, which was not 
re 111 ark able initially. 0. enuirginata showed a sharp peak at 25 kg N ha"' in both 
height and its corresponding relative growth rate (Fig. 6.1 and Fig. 6.2), but the 
overall responses lo different treatments did not differ at p=0.05 level. It was 
conceivable due to the small numbers of replicates (n = 4) in this dosage, or more 
likely ihe picture was masked due to its ability in (Ixiiig nitrogen, as verified during 
harvest by root nodules on most (but not all) of the individuals. No significant 
change in height or RHI was recorded. 
Stall sue ally there was no difference in height and RHI among P treatments, in 
contrast lo the N counterparls. The interaction between N and P on these two 
p a r a m e t e r s w a s a lso ins ign i f i can t (Table 6.2 and Tab le 6.3). 
6.4.2 Basal diameter 
Difference in final basal diameter and relative basal diameter increment (RBdl) 
failed to give a clear picture on the species response to fertilization (Fig. 6.3, Table 6.4, 
Fig. 0.4 and Table 6.5). This could be explained by the scale and lower rate of 
increment for this parameter, as compared with height. The only significant 
di (Terence deiccicd was the llnal basal diameter under different dosages of N, which 
ociauTcd 1 1 1 . 1 . Liiiriculiforniis and M. velutina (Table 6.4). The latter exhibited a 
plateau for final basal diameter when the N level reached 25 kg ha"', a dosage much 
lower than thai which caused the same for final height. For A. auriculiformis, the 
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Fig. 6.3 The effect of nitrogen fertilization on seedlings' basal diameter. 
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Table 6.4 T\vo-\vay !\NOVA to conlpare the final basal dianleter of each species under 
cl i fferel1t N C1l1d P treatlllents. 
A , ( 1111 ' i( ' I l l i f () 1'1 I I i .) 
Factor cll ' jY!S F P 
N .::1- 4.04 x l02 4 .57 0.005 ** 
P '/ 2.59 x l02 2.93 0.068 n.s. -
~ x P :.{ 3.56 x l02 4.02 0.009 ** 
Error ' -, S.S6 x l02 .) -~ 
Total 44 
[VI S D t c' S t : 
N-lev c' ! U 25 50 100 200 
J C be c ab 
L. COI I/ l' l'! l/.) 
Factor clr MS F P 
- --. . ------- ---- --.- ------ ----
N 
-+ 9.28 x 10:; 0.35 0.839 n.s . 
p ) 2.18 x l 02 0.83 0.444 n.s. -
NxP 4 1.62 x l02 0.62 0.652 n.s. 




E. cliill c' I1SC! 
Factor UC ivlS F P 
N 4 4 .85 x l02 1.35 0.275 n.s. 
P 2 I ,59 x 1 02 0.44 0.647 n.s. 
N .\ P 
-+ 5.56 x l02 1.54 0.214 n.s. 
Error 32 3.61 x l 02 
Tota! 43 
Iv/. \ 'c.:/u till (/ 
F act()t" D I' iv[S F P 
N -+ 2.60 x 102 5.02 0.003 ** 
P I 2,50 x 10) 
-
0 ,01 0.995 n,s, 
N .\ I) 4 1.33 x l02 2.56 0.057 n.s. 
Error -, -, 5. 18 x lO :; 
-' -' 
TOLL1! 4 -+ 
[vI S l) l e s t: 
N-Ie vc' ! U 25 50 100 200 
~I B b b b 
0 (!111CII X, ill(I/ CI 
Factor dt' [VlS F P 
--- - -
1.79 x 102 1.78 0,157 n.s. N 4 
P 2 1.53 x 102 1.53 0.232 n.s , 
1\ .x P ..j 3.92 x l0'~ 0,39 0. 8 14 n.s . 
Error -, -, 100:< 1(/ -~ -' 
Tot;]1 "- ~ .:.J. 
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Table 0.4 Two-way A N O V A to compare the final basal diameter of each species under 
different N and 1) treatments, (cont'd) 
O. L'(llf/l(IC 
Factor ^ MS F P 
N 4 1.03x10- 0.698 ^ 
P 2 3.13x10- 1.68 0.201 n.s. 
N X P 4 2.72x10-' 0.15 0.963 n.s. 
Error 33 1.86x10-
Total 44 ‘ 
S. ciiniini 
Factor. df MS F P 
N 4 5.01x103 0.756 
P 2 2.03x10- 1.91 0.165 n.s. 
N X P 4 5.82x10-' 0.55 0.702 n.s. 
Error 33 LObxlO" 
Total ^  
气 ** and *料 denote the existence of significant difference for a factor at p<0.05, p<0.01 and p<0.001 
respectively. -
Nutnenl levels sharing the same letter have no sigiiificanl difference at p<0.05 level by 
Waller-Duncan's 13 a yes MSD test (k-ratio= 100) 
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Fig. 6.4 The effect of nitrogen fertilization on seedlings' RBdl. ‘ 
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Table 6.5 Two-way A N O V A to compare the RBdl of each species under different N 
and P U-ealmems. 
ciiiricii/i/orniis 
Factor 〔1、 MS F P 
N 4 1.05x10- i m 0.375' ^ 
P 2 3.95x1 (r 0.41 0.667 n.s. 
N x P 4 1.31x10- 1.36 0.267 n.s. 
Error 34 9.63x10'' 
Total 45 
L. coir/crliis 
Facioi- j^ r ^ F P 
N 4 0.34 ^ ‘ 0.065 ^ 
P 2 5.08x10- 0.37 0.695 n.s. 
N X P 4 7.43x10- 0.54 0.709 n.s. 
Error 34 0.138 
Total 45 
E. chincnsc 
cir — ^ F p -
N 4 2.84x10- 五 1 0.083 
P 2 1.12x10' 0.01 0.991 n.s. 
N X P 4 1.20x10- 0.96 0.441 n.s. 
Error 33 1.25x10" 
Tmal 44 
M. vcluiniLi 
— df MS F P 
N 4 ~025 ^ 0.000 ™ 
P 2 6,89x10-^ 0.25 0.784 n.s. 




N-lcvc! 0 25 50 100 200 
cl be ab d cd 
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Table 6.5 Two-way A N O V A to compare the RBdl of each species under different N 
and P Ire aim en ts. (cont'd) 
O. cnnin^indici 
df MS F P 
N 4 1.85x10' ^ ； 
1) 2 8.80x10' 2.80 0.075 n.s. 




df MS F P 
N 4 4.27x10-' 0.719 
P 2 9.99x10' 1.22 0.307 n.s. 
N x P 4 - 8.66x10-' 1.06 0.391 n.s. 
Erroi 34 8.17x10-' 
Total 45 
S. cu/iimi 
— dr IMS F P . 
N 4 4.55x10- ^ 0.428 t ^ 
P 2 5.14x10-' 0.11 0.895 n.s. 
N x P 4 2.94x10- 0.64 0.639 n.s. 
Error 34 4.61x10-
Toial 45 
丨：and 沖丨‘'denote the existence of significant difference for a factor at p<0.05, p<0.01 and p<0.001 
respecuvely. 
Nutneiit levels sharinj: the same letter have no significanl difference at p<0.05 level by 
Waller-Duncan's Bayes MSD test (k-i.atio二 100) 
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initial basal diLuiicter difference (as described) might be brought along with time and 
had an overriding effect. Only M. velutina consistently showed significant 
diffei-ence in the corresponding RGR. 
As happened in height, there was no obvious effect of different P levels on the 
growth in girth or RBdl of the plants, nor a sigiiiiiCcint interaction between the two 
nutrients (Table 6.4 and Table 6.5). The exceptional case was again A. 
ciu ric 111 ifo rims. 
6.4.3 Lea「number 
Four species showed significant difference in leaf number among N treatments. 
They were 0. eclit/uie, E. chinense, S. cumini and M velutina (Table 6.6). Obviously, 
leaf growth was g re ally enhanced by fertilization, as in height. Only two species, 
namely L cunfcrlus and O. enuirginata, were recorded different in P treatments (Table 
6.7). However, the response of O. emargiuala was quite different, which on the 
‘ contrary reduced its leaf number with increasing P dosage. The reason for that was 
not clear, as the presence of nodules and the complex symbiotic activities of some of 
the seedlings might have masked the effect of P on leaf growth. 
6.4.4 Total dry weight 
The response in total dry weight production to N addition was roughly similar to 
those in height and leaf number for /I. auriciiliforniis, L. confertus, Q. edithae, E. 
chinense and M. ycliiiuia (Fig. 6.5 and Table 6.8). Most of them had significant dry 
weigh I increases in response to N enrichment, and similarly, some tended to level off 
at about 50 kg N ha''. A. ciiincuhformis showed a quite steady increase in dry 
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Table 6.6 Kruskal-Wallis Test to compare the leaf numbers of each species under 
dilTerent N irealmenls. 
N levels (kg ha') 
Species 0 25 50 100 200 K W test 
A. auncuUforniis 19.08 20.00 22.13 29.75 26.88 n.s. 
L. confertus 19.35 19.63 24.13 19.63 28.08 *** 
O. edithae 13.L5 21.25 32.08 23.25 25.08 n.s. 
O. eiucirginala 21.58 34.75 19.13 28.38 22.71 n.s. 
E. chinensc 1 5 . 7 1 1 0 . 5 0 20.33 2 9 . 6 3 3 3 . 0 8 * * 氺 
cui丨川u 13.69 21.00 28.25 24.00 28.17 * 
M. veluiina 14.85 20,50 21.50 33.00 30.83 ** 
Values indicate average ranks of leaf number for the specific treatments in the species; 
astensk(s) denote significant difference among treatments on the row at p<0.05, p<0.01 and 
p<0.001 foi. *气 -丨:'卞* respectively, under Kruskal-VVallis Test; “n.s.”： not significant.. 
Table 6.7 Kruskal-Wallis Test to compare the leaf numbers of each species 
under different P treatments. 
P levels (kg ha') 
Species 0 20 40 K W test 
A. auricuUfonnis 24.07 22.13 22.00 n.s. 
L. confertus 18.26 29.63 24.67 * 
(9. edithae 22.05 23.21 24.46 n.s.' 
O. emarginata 27.19 23.13 15.54 * 
E. chinense 22.26 21.50 23.83 n.s. 
cumuli 22.00 24.04 23.71 n.s. 
l\4. veluiina 22.67 21.50 25.08 n.s. 
Values indicate average ranks of leaf number for the specific treatments in the species; 
asterisk!s) denote significant difference among treatments on the row at p<0.05, p<0.01 and 
p<0.00] for 气 *气 卞 respectively, under Kruskal-VVallis Test; "n.s.": not significant. 
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w.eighL 111 coiiirasl lo height, which had no indication of variation. Y cumini 
responded similarly but there were no significant differences between different N 
lc\els. O. c/iicirginaia again demonstrated a significant fluctuation of dry weight 
with N levels，and no conclusive remark could be made. 
P level was again not inflLiential to the response of most of the plants in terms of 
dry weight, nor any irileraction between N and P was detected. Although it has been 
reported thai seedling dry weight had a greater increase al some levels of P (Mason et 
al. 2000), It was iiol reflected here, probably because of the presence of other factors 
co-nianipLilating (e.g. mycorrhizae). The only responsive species was L. confertus, 
as happened in ihc case of leaf number. 
6.4.5 Aerial and underground dry weight 
Except for E. chinense the a en al and underground dry weights of which were 
similar within the study period, seedlings of all other species allocated more biomass 
to the aerial pari than the undergroLind one, especially at higher N levels, indicating 
thai the nutrient was no longer limiting after fertilization (Fig. 6.6) (Ericsson 1995). 
ParliCLilaiiy for L. confertus and M. velutiiui, the difference between aerial and 
Li 1,1 derground dry weight became greater at higher N levels. At 0 kg N ha'', the two 
species had the aerial dry weight approximate the underground one, but shoot : root 
ratio increased gradually with the addition of N. This happened because aerial 
biomass increased more than the root. It is suggested that higher availability of N 
reel Lie cd the pressure on root growth for soil nutrients but allocated more energy on 
aerial pail. For A. uiinculiformis’ Q. edithae and S. cumini, the growth of aerial part 
and root followed the same pattern of each other. The effect of P on shoot : root 
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Table 6.8 Two-way A N O V A to compare the dry weight of each species under different 
N and P trealmenls. 
,1. (niricLiliforniLs 
Factor df MS F P — 
N 4 140.09 o l m * 
P 2 46.22 1.28 0.291 n.s. 
N x P 4 65.07 1.81 0.151 n.s. 
Error 33 36.02 
Total 44 
M S D iL'Si： 
N-level 0 25 50 100 200 
a ab ab b b 
L. con/crnis 
Factor df MS F P 
N 4 ” 1 5 4 . 7 9 18.87 0.000 
P 1 57.73 7.04 0.003 ** 
N X I) 4 10.10 1.23 0.317 n.s. 
Error 34 S.21 
Total 45 
M S D lesi: 
N-level U 25 50 100 200 
a a b c b 
P-level U 20 40 
a b ab 
E. chinense  
— df MS F P 
N 4 320.15 ^ 0.000 ^ 
P 2 57.62 1.55 0.227 n.s. 
N x [ ) 4 36.90 1.00 0.424 n.s. 
Error 32 37.08 
Total 43 
M S D lesi; 
N-level 0 25 50 100 200 
a ab b be c 
A,/, vcluiiiui  
— cir MS F P 
N 4 205.46 13.68 0.000 ^ 
p 2 3.80 0.25 0.778 n.s. 
N X P 4 18.87 1.26 0.307 n.s. 
Error 33 15.02 
Total . 44 
MSD iL-sl: 
N-lcvel U 25 50 100 200 
a b b b b 
2 0 4 
Table 6.8 Two-way A N O V A lo compare the dry weight of each species under different 
N and P trealnienls. (cont'd) 
O. cnuir^^iiKifci 
df MS F P 
N 4 LS? CU39 ^ 
P 2 5.38 0.13 0,877 n.s. 
N X F 4 41.42 1.01 0.414 n.s. 
Error 33 40.84 
Toial 44 
O. L'ciiilnit' 
df MS F P 
N 4 38.94 6.00 0.001 ^ 
P 2 35,48 2.76 0.078 n.s. 
N x P 4 38.94 3.02 0,031 * 
Error 33 12.88 
Toial 44 
MSD itsi: 
N-level () 25 50 100 200 
a be c ab be 
S. cum nil  
一 df MS F P 
4 45.89 2 m 0.104 
P 2 7,84 0.36 0.702 n.s. 
N x P 4 8.62 0.39 0.812 n.s. 
Error 34 21.91 
Total 45 
抓d *** denote the existence of significant difference for a factor at p<0.05, p<0.01 and p<0.001 
respectively. 
Nulrieiit levels sharing the same letter have no significant difference at p<0.05 level by 
Wailer-Duncairs Bayes MSD test (k-ratio=100) . 
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Fig. 6.6 The effect of nitrogen fertilization on the dry weight of aerial and 
underground parts of the seedlings. 
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ratio was negligible, which is contradictory to results of other studies (Fig. 6.7) 
(Bui-slem ci al. 1995). This implies that the phosphorus content of C D G may not be 
so limiting lo liie growth of the species, or instead this was because P immobilization 
by canons such as iron, aluminum and manganese in the soil was serious, which make 
the added phosphorus unavailable. 
6.4.6 Chlorophyll florescence, stomatal conductance and transpiration 
Plant ecophysiology as a whole failed to indicate the difference in species 
performance under fertility treatments. This applied to parameters of both 
chlorophyll florescence and stomatal conductance. Fv/Fm were compared at this 
condition. Species that gave obvious responses in Fv/Fm to the treatment(s) were 
reslncied to 0. cclit/uic, 0. eniarginata and M. veliiiinci. Only Q. edithae responded 
to N treatment while the other differed in their Fv/Fm for P treatments instead (Table 
6.9). However, the change of Fv/Fm did not have a clear trend in response to 
fertility, nor did the di(Terence in F。，occurred in M. velutina for P treatments (Table 
6 .10 ) . 
Sigmficanl differences in stomatal conductance and transpiration rate were 
only detected among different N levels for Q. edithae, E. chinense and M. velutina 
(Table 6.11). Clearly these two parameters had lower values at treatment with 200 
kg N ha"'. A lower value of stomatal conductance (and therefore transpiration) was 
resulted fro 111 greater extent of stomata closure (Beadle et al. 1992), which in turn 
rel'lecled a higher water stress. Water stress is resulted when either soil water 
availability is low, or evaporation rate is extremely high for a normal water regime 
w i t h i n t he p l an t . Wi th c l o s e r e g u l a t i o n o f soil m o i s t u r e in t h e e x p e r i m e n t (and 
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Fig. 6.7 The effect of phosphorus fertilization on the dry weight of aerial and 
underground parts of the seedlings. 
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Table 6.9 Two-way A N O V A to compare the Fv/Fm of each species under different N 
and P treatments (light intensity: 80%). 
,4. (iiiricii/ijOriiiis    
Factor df ~ MS F P — 
N 4 3.35x10-' 053 0.716 nTs. 
p 2 1.90x10- 3.00 0.066 n.s. 
N X P 4 1.02x10- 1.60 0.200 n.s. 
Error 29 6.34x10] 
Total 40 
L. confcrius  
Factor ^ MS F P  
N 4 5 . l 5x l ( y 1.17 0.348 n.s. 
p 2 3.21x10' 0.73 0.493 n.s. 
N X P 4 1,44x10' 0.33 0.858 n.s. 
Error 27 4.42x10) 
Total 38 
E. chiiiciisc  
^ MS F P  
N 4 ^ 9.22x10' 0I2 0.974 n.s. 
p 2 1.16x10:) 0.15 0.860 n.s. 
N x l ) 4 6.31x10' 0.82 0.524 n.s. 
Error 24 7.6'8xUr 
Total 35 
M. vein 11IIII — 
df MS L_ P  
^ 1.56x10' 0 .兑 0.769 . n.s. 
p 2 1.80x10- 4.38 0.024 * 
N x P 4 6.67x10' 0.16 0.955 n.s. 
Error 24 J . l l x l O ) 
Total 
MSD ICS I： 
P-level 0 20 40 
ab b a 
O. L,imu’<^iimtci ^  
'一 df ^ F P  
N ‘ 4 1.65x10-' 0.85 0.509 n.s. 
p 2 1.03x10- 5.34 0.014 * 
N x P 4 1.08x10-' 0.56 0.695 n.s. 
En-or 20 丨.93x10:、 
Total 31 
M S D lesi: 
U 20 迎 
b b a 
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Table 6.9 Two-way A N O V A to compare the Fv/Fm of each species under different N 
and P Ireatnienls (light intensity: 80%). (cont'd) 
0. cc/ifluie  
df MS F P ' — 
N T 5.97x10- 0.006 ^ 
P 2 2.67x10- 2.02 0.153 n.s. 
N x P 4 5.09x10-' 0.39 0.817 n.s. 
Error 27 1.32x10-
Total 38 
M S D tesT； 
N-level 0 25 50 100 200 
b b b a b 
5. cum I III ；  
— df ‘ MS F P — 
"n 4 2.51x10- 0.065 
P 2 2,78x10- 5.05 0.086 n.s. 
N x P 4 2.09x10- 3.81 0.052 n.s. 
Error 19 5.50x10:’ 
Total 30 ； 
** and 丨。丨：denote the existence of significant difference for a factor at p<0.05, p<0.01 and p<0.001 
respectively. 
Nutrient levels sharing the same letter have no significant difference at p<0.05 level by 
Waller-Duncan's Bayes MSD test (k-ratio=l00) 
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Tab 1 c (j. 10 T wo-w ay A N O V A to compare the Fo of each species under different N and 
P trealmenls (11gliL intensity: 80%). 
/-I. (iiiriciih'forini.s 
Factor df ^ F P  
N 4 7.314x10-' ^ 0.811 n ^ 
P 2 3.35x10^ 1.8] 0.182 n.s. 
N X P 4 1.35x10^ 0.73 0.580 n.s. 
Error 29 1.86x10"^ • 
Total 40 
L. conjcriLis ；  
~ - o r df MS F P 一 
N 4 3,35x10' ^ 0.066 ^ ^ 
P 2 1,50x10' 1.12 0.340 n.s. 
N x P 4 1.75x1()4 1.31 0.293 n.s. 
En or 27 
Total 38 
E. chill disc  
一 ‘ c i r MS F P 
N T 1.09x10? 0.31 0.871 n.s. 
p 2 6.03x10^ 0.19 0.831 n.s. 
N x P 4 3,14x10' 0.88 0.489 n.s. 
Enor 24 3.55x10' 
Total 35 
A,/, ycluiinu  
^ ^ L £ 
N 3 3.23x10' l 8 4 0.059 
p 2 5,23x10' 4.60 0.020 * 
N x P 4 4.20x10' 0.37 0.828 n.s. 
Error 24 1.14x10' 
Total 34 
MSD test: 
P-le\-cl 0 2U 迎 
b ci b 
O. L'liicir^^iiiclici    
‘ ^ ^ F P  
N 4 3.04x10-' 0.38 0.821 n.s. 
p 2 2.27x10' 2.83 0.083 n.s. 
N X 1) 4 1.95x10-' 0.24 0.910 n.s. 
E1-1-01- 20 s.oixur 
Total 31 
IVISD ICS I： 
P-level 0 20 40 
h b a 
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Table 6.10 Two-way A N O V A to compare the F() of each species under different N and 
P trealnienls (lighi iniensity: 80%). (cont'd) 
0. cdll/ldc  
df MS F P 
"n 4 1.32x10"^ l b ] 0.292 n.s. 
P 2 1.83x10^ 1.82 0.182 n.s. 
N X P 4 2,22x10-' 0.22 0.925 n.s. 
Error 20 1.01x10'^ 
Toial ^  
S. ciiiiiiiii  
一 df MS F P 
N 4 9.07x104 1.93 0.144 n.s. 
p 2 9.27x10-' 0.20 0.822 n.s. 
N X P 4 1.94x10' 0.4 ! 0.797 n.s. 
Error 20 4.69x10"* 
Total ^J  
and denote the existence of significant difference for a factor at p<0.05, p<0.01 and p<0.001 
respecii\ ely. 
NutTicjni levels sharing the same letter have no significant difference at p<0.05 level by 
VValler-DuncaiVs Bayes MSD test (k-mt…二 100) 
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Table 6.11 Stomatal conductance (SC; mmol m'^ s」)and transpiration rate (TR; mmol 
m - s" ) values of the various species. 
‘ h 
N (kg ha"') P (kg ha—I) 
0 200 0 40 
A. Luinculifonms SC 176 (190) 155 (118) 124 (88.7) 207 (197) 
TR 3.43 (2.52) 2.66 (1.64) 2.76 (1.92) 3.33 (2.35) 
L confertus SC 250 (169) 277 (296) 165 (113) 362 (285) 
TR 4.59 (2.83) 4.23 (3.64) 3.33 (2.59) 5.50 (3.45) 
O. edithae SC 264 (203) 77 (69.8) * 115 (117) 225 (214) 
TR 4.54 (2.92) 1.44 (1.22) 2.23 (2.24) 3.76 (3.03) 
O. emarginata SC 161 (51.7) 258 (159) 233 (100) 187 (148) 
TR 3.36 (1.44) 4.48 (2.66) 4.99 (1.96) 2.85 (1.84) 
E. chinense SC 330 (230) 96.1 (134) * 243 (284) 195 (134) 
TR 6.06 (4.47) 1.46 (2.05) * 4.61 (5.46) 3.12 (2.13) 
S. cLumm S C 2 5 2 ( 2 0 8 ) 1 7 5 ( 1 0 4 ) 1 6 5 ( 1 0 9 ) 2 7 5 ( 2 0 9 ) 
TR 5.14 (4.26) 3.83 (1.98) 3.52 (1.51) 5.68 (4.54) 
.M. velutuui SC 274 (124) 90.7 (63.7) *** 208 (105) 165 (170) 
TR 5.95 (2.62) 1.53 (1.14) *** 4.58 (2.77) 3.10 (3.35) 
Values in parentheses indicate standard deviations; ** and *** denoted significant difference occurring 
between the two levels of a specific treatment at p<0.05, p<0.01 and p<0.001 respectively. 
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, ) 丨 
therefore water no longer limiting), only the latter was likely to happen, when the leaf 
number and the leaf area increased. This is another reflection of enhanced plant 
growth, through fertilization. E. chinense and M. velutina were species responding 
to N fertilization with respect to leaf number, but the same did not happen for Q. 
edithae, and not all those differing in leaf number similarly responded in stomatal 
conductance (Table 6.6). 
6.4.7 General species performance in treatments 
M. velutina was most sensitive to nitrogen addition. It responded with 
significant increments of all growth parameters measured, including absolute height 
and basal diameter, both R G R s in height and basal diameter, dry weight and leaf 
number. L. confertus followed as it responded similarly, except there was 
insignificant change in basal diameter and RBdl, but it responded to P addition in 
terms of dry weight. Q. edithae, Endospermum chinense and S. cumini were also 
responsive to N-application in three parameters. For Q. edithae and Endospermum 
chinense, together with M. velutina, the changes in stomatal conductance and 
transpiration rate in different N treatments indicate that their ecophysiological 
performance might be similarly affected by N addition. The response to N but not P 
might be a hint that the species were non-pioneer species (Fetcher et al. 1996), but 
clearly, a larger sample size and a greater number of treatments would give a firmer 
conclusion. 
The response to N fertility was extremely low for the two legumes when 
compared with other species, reflecting that nitrogen was not the primary limiting 
factor to their growth. It is a common phenomenon for mtrogen-fixing plants 
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(Kendle and Bradshaw 1992). In this study, O. emarginata only responded to P level 
in leaf number. This implies the relatively importance of P to its growth requirement. 
For /I. auric III iformis, although there was significant dry weight increment and the 
pattern of response (which leveled-off after an increase) followed most of the others 
as well, it was inconclusive as there was no corresponding trend in either the height or 
the R.HJ of the species. 
6.4.8 Comparison with seedling performance in field trial 
Apparently, the main difference between the results of this greenhouse trial and 
those of field trial (Chapter 4) was the deviation in survival rate. The mortality rate 
in the greenhouse study was nearly zero, even for the control in the absence of 
nutrient supplement. In the field trial in SOQ, E. chinensis had a loss of more than 
80% in the first four months, and they died off completely within eight months of 
plantation (Fig. 4.4). However, in this part of study, there was only one loss due to 
scale infection in a treatment (0 kg N ha"V20 kg P ha'). Even for the control (no 
fertilizer added), all the candidates survived. The most possible limiting factors to 
plant establishment in S O Q were water, sunlight, temperature or wind, but not 
nutrients (nitrogen and phosphorus), at least with regard to survivorship. Wind was 
eliminated as an overwhelming factor in governing the difference in seedling survival 
rate on the two slopes (Chapter 4). While air temperature in the greenhouse could 
reach more than 40^C, soil temperature might not reach much higher as happened in 
SOQ. Thus, water and possibly soil temperature as well, are suggested to be the 
major difference between the greenhouse and field experiments, though this has to be 
verified further. 
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6.5 C o n c l u s i o n s 
Seedlings of seven species with the exception the native legume responded to 
nitrogen but not phosphorus in general in the greenhouse assay. In addition, no 
major interaction was detected between the two nutrients on the growth of the various 
species. The effect of P was much lower than one might have expected. This 
probably reflect that the C D G from S O Q was able to provide sufficient P to the 
growth of these species, or just an indication that the P added was seriously 
immobilized. Most species, at least in pot conditions, grew faster along with N 
application until N level reached 50 kg N ha'', when the growth leveled off for higher 
addition rates. From this study, it can only be confirmed that the growth of these 
candidates can be effectively enhanced by application of N, while the effect of P 
needs detailed verification. For N, a level of more than 50 kg ha ' might not 
effectively improve their growth further if other limiting factors existed. 
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CHAPTER 7 GENERAL CONCLUSIONS 
Soil samples in this study were shown to be highly representative to the locally 
common CDG, which in fact has certain extent of variation (Chapter 2). 
Nevertheless, they were generally sandy, low in all forms of nitrogen and organic 
】Tiatter with moderate to high acidity. Our study sites were also free from high 
salinity or toxic pollutants. In this sense, it is feasible to apply our results to a more 
general application. 
The exotics studied (i.e. A. auriculiformis and L. confertus), as usual, exhibited 
appreciable performance in most situations, but their performances had some kinds of 
discrepancy under different conditions (Chapters 3 and 4). C o m m o n plantation 
natives like C. sinensis and S^'. sebiferum grew well in our field study. They were 
indeed common locally, and large individuals are easily found on roadside and in 
adverse conditions. This implies that more species are likely to be explored for 
degraded lands restoration; they included Ficus spp., Melia azedarach, etc., which are 
species commonly invaded into urban environment. 
The planting trials for 17 natives screened out several potential species for 
further use in revegetation (Chapter 4). Although they performed differently on the 
two slopes, which reflected different microclimates, the overall result highlighted five 
potential promising species. They were Syzygium cwmni’ Elaeocarpus chinensis, 
Ormosia emarginata, Lithocarpus harlandi and Quercus championii. 
In addition to trees, shrubs are also proposed for use in restoration in view of 
their natural existence on dry slopes and their speed in reaching mature size. 
2 1 7 
Canopy provided by them would be able to improve the understorey microclimate for 
the establishment of other species. DesmocUum spp. drew much attention in this 
study due to their abundance and mtrogen-fixmg capacity (Chapter 5). Shrubs are 
common pioneer vegetation in restoration, but they are usually removed 
non-selectively as weed under project specification. In fact, they should be 
deliberately included (e.g. in hydroseeding) in the plantation or retained during 
weeding as nurse species. 
As shown in Chapter 2, the edaphic properties among phases in each quarry did 
not differed remarkably. Although there were significant changes in some 
parameters, the overall improvement of soil properties was negligible within a period 
of three to four years. Hence, the difference in vegetation among phases (Chapter 5) 
was most likely governed by seed availability; that is, by chance or it was affected by 
the modification of microclimate with time. Obviously some species were highly 
microclimate specific, but most of the others could therefore be used widely at the 
beginning of restoration. Species that was obligatory to high soil fertility should 
only be minority. 
For the tree seedlings studied, fertilization upon C D G (esp. N application) had 
little meaning to their survival, but enhanced their growth rate for some of the species 
(Chapter 6). Growth improvement was not obvious for the legumes. While most 
species was limited by N on CDG, legumes might be limited by P. Nevertheless, 
immobilization of P was not assumed here and so the effect of fertilization to plant 
physiology should be more thoroughly studied before any firmed conclusion can be 
drawn. 
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Our results from various chapters reflected that microclimate like temperature, 
light and moisture (water) did have significant impacts on plant performance. This 
happened on the growth rate of the same species in different sites (LTQ and SOQ) 
(Chapter 3)，on both survivorship and growth on plants on different slopes (CN and 
CS) of the same site (Chapter 4), on the composition of the plants that regenerated 
(Chapter 5), and on the contrasting survival rate of a species (e.g. Endospermum 
chinense) between in-situ and greenhouse study (Chapter 6). The impact of 
microclimate acted on both exotics and natives, although more obviously on the latter. 
The results provided hints for clarifying the misconception that survival of natives 
was governed mainly by soil fertility (Hypothesis i). Clearly more attention should 
be paid on those non-edaphic factors when the growth requirements of natives are 
being studied. 
It is encouraging that within the several recommended natives, there were at least 
two (i.e. L. harlandi and Q. championii) that come from Fagaceae, a family that was 
believed to be climax-adapted (Chapter 4). In other words, the results supported that 
their natural absence in degraded sites should be an issue of seed dispersal efficiency 
rather than specificity of the plants to habitats (Hypothesis ii). This also implies that 
it is possible to implement more active approach in conserving those rare plants by 
plantation. 
Though preliminary, our study provided some important hints for further 
verification of the two hypotheses as addressed in Chapter 1. Obviously, further 
study was essential to verify some of our findings due to the limitations here. 
Comprehensive study of more soil parameters (e.g. Al toxicity) can be necessary to 
conclude the limiting edaphic factor(s) for plant survival and growth. From our 
219 
results, the intra-site heterogeneity of the soil was quite high (Chapter 1). This made 
the investigation of soil development difficult. The situation would be improved by 
1 I n c l u d i n g more phases o f similar plantation species. Similar situation also applies to 
the study of plantation growth (Chapter 3). A wider range of phases and a larger 
sainple size enable the improvement of reliability of the growth pattern concluded. 
Though there was no evidence that the low fertility of the C D G directly caused 
the mortality of our seedlings (Chapters 4 and 6), the effect may be indirect, say, 
interfering the tolerance of plants to drought and heat. Experimental design specific 
for isolating those factors limiting to establishment is critical. Indeed, the drastic 
effect of microclimate was out of expectation at the beginning. More detailed 
monitoring of such factors and the corresponding plant responses should be a 
compulsory component in the follow-up research. Control experiment like 
manipulating or modeling of different climatic factors should be a plus therefore. 
The exploration of natural invaders would be more comprehensive when it is 
earned out on more and distant C D G sites (Chapter 5). More tree species with the 
potential in restoration will be identified, especially if the sites are close to natural 
woodlands, from where the sources of dispersal-underachievers are readily available. 
The bioassay on fertility has given a rough picture of nutrient requirement of 
several selected species (Chapter 6). Indeed there is a need to extend the assay to 
cover more species of which foresters have little information about the properties. 
Increasing the number of replicates and adjustment to the amplitude of treatments 
should be necessary. In addition, the effect of grass competition (which happens in 
the real world) may be included in the study. All these enable a more comprehensive 
2 2 0 
fertility chart for each specific species to be generated. 
It IS still early to have a conclusion that foresters should invest much more on 
natives in all restoration programmes, but this study have clearly indicated that much 
deeper in-situ and ex-situ investigations on species performance as affected by 
physical factors, in addition to the conventional nutritional status, were urgent. 
These enable more comprehensive consideration by landscape planners before any 
programme is started. For example, it is more practical to keep planting Pinus spp. 
or Acacia spp. instead of including too many broadleaf native trees on water deficient 
berm planters. It would be too rash to eliminate all exotics just because of prevailing 
trends of natives promotion, without considering light, water, fertility, or any 
necessary setups as resort (e.g. shade blocks). The ultimate goal of restoration 
should be the enhancement of the appearance, function and sustainability of a 
landscape in a cost-effective way, and it usually varies among sites. An instant 
greening effect may be the first priority for quarries and cutslopes while enriching 
biodiversity may be that for the others. Provision of attractive fruits to wildlife is 
advantageous for revegetatmg eroded hillside, while it may be a dangerous practice to 
the animals in heavily contaminated sites (e.g. landfills and mines). Thus, optimized 
decision can only be achieved by proper planning in respect to site condition, species 
specificity and all possible options that improve soil viability. 
As mentioned in Chapter 1, an important reason for the situation that natives had 
limited room for restoration so far is the low availability of seedlings. Supply of 
seedlings, in fact, also depends on demand from foresters, whereas these designers for 
restoration projects have little opportunity and support to test rarely used species, due 
to cost implication, time constraint as well as seedling availability. This unfortunate 
22 1 
loop, in fact has to be broken. The results of this study provide information for some 
gaps that exist in our knowledge and may help change designers' perspective towards 
trying natives, which hopefully could start this breakthrough. 
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Rainfall (mm) collected in different months at government weather stations near the 
two quarries. 
Year 2000 2001 
Month 1 2 3 4 5 6 7 8 9 10 11 12 1 2 3 4 5 6 7 8 9 
LTQ' 80 20 50 800 100 250 400 300 60 150 80 60 42 14 61 126 184 854 657 344 360 
SOQ- - - 9 457 111 164 55 174 60 80 44 21 34 5 30 55 101 362 239 - -
Data from 'Castle Peak Farm Automatic Weather Station and ‘ Wanlan Island Automatic Weather 
Station. 
、“：data not available. 
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Reagent list for soil analysis (Chapter 2) 
1. Dispersing agent for texture analysis (Bouyoucos hydrometer method) 
a. Calgon solution (5%) (per 40 g sample) 
Sodium hexametaphosphate (50 g L'', pH 9) 100 m L 
2. Nitrate-ZNitrite-mtrogen 
a. Extract ant (per 5 g sample) 
i. Potassium chloride (1 ivf) 50 niL 
b. Reagent 
I. Buffer 1 (1 LatpH 8.2) 
Ammonium chloride 50g 
Detergent Brji 35 (30%) 3 niL 
II. Buffer 2(1 L at pH 8.2) 
Ammonium chloride 50g 
E D T A dissodium salt 4 g 
Detergent Brji 35 (30%) 3 m L 
iii. Colour reagent (1 L) 
Ortho-phosphoric acid (85%) 150 m L 
Sulfanilamide 10 g 
a -Naphthylethylene diamine dihydrochloride 0.5 g 
3. Ammonium-nitrogen/ Tostal Kjeldahl Nitrogen 
a. Extract ant 
i. Ammonium-N (per 0.5 g sample) 
Potassium chloride (1 M) 50 niL 
Li. T K N (per 0.5 g sample) 
Concentrated sulphuric acid 5 m L 
Kjeldahl catalyst 
(1 g Na2S04, 0.1 g hydrated CuS04) 1 tablet 
b. Reagent (modified Berthelot reaction) 
i. Buffer (1 L) 
Potassium sodium tartrate 33 g 
Sodium citrate 24 g 
Detergent Bnj 35 (30%) 3 m L 
ii. Sodium salicylate solution (1 L) 
Sodium hydroxide 25 g 
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Sodium salicylate 80 g 
iii. Sodium nitropmsside solution (1 L) 
Sodium mtroprusside 1 g 
IV. Sodium dichloroisocyanurate solution (1 L) 
Sodium dichloroisocyanurate 2 g 
4. Phosphorus 
a. Extractants • 
i. Available-P (Tmog's extraction) (per 1 g sample) 
Sulphuric acid (0.001 M) buffered at pH 3 100 m L 
ii. Total-P (Mixed acid digestion) 
Concentrated sulphuric acid 1 ml 
Concentrated nitric acid 5 ml 
b. Reagents (Molybdenum blue method) 
i. Sulphuric acid solution (1 L) 
Concentrated sulphuric acid 40 m L 
Detergent FFD6 2 m L 
ii. Detergent solution (1 L) 
Detergent FFD6 2 m L 
iii. Ascorbic acid solution (1 L) 
Ascorbic acid 18 g 
Potassium antimony tartrate (0.8 mM) 20 ml 
iv. Ammonium molybdate solution (1 L) 
Concentrated sulphuric acid 40 ml 
Ammonium molybdate 4.8 g 
Detergent FFD6 2 ml 
5. Organic Carbon (Walkley-Black method) (per 1 g sample) 
a. Potassium dichromate (1 M) 10 ml 
b. Concentrated sulphuric acid 20 ml 
c. Orthro-phosphoric acid (85 %) 10 ml 
d. Feme sulphate (0.5 M) 
e. Diphenylamine 
6. Exchangeable bases (per 5 g sample) 
Ammonium acetate IM (pH 7) 100 ml 
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Source, initial height and basal diameter, and imported sizes of soil bags of seedling 
used in plantation trial (Chapter 4). 
Seedling Soil bag 
Species H (cm) B P (cm) H (cm) D (cm) 
01 Acacia aiiriculifonnis "T 52• 3 15 5 
丁 49 7 A Q1 
02 Lophostemon confertus 丄 15 5 
03 Quercus edithae T 34.8 0.72 15 5 
K 17.1 0.43 11 g 
04 Syinplocos glauca 丁 24.5 0.73 15 5 
05 Onnosia emarginata [〈 10.4 0.32 15 10 
06 Quercus championii 丁 20.5 0.57 15 5 
K 16.2 0.48 15 IQ 
07 Choerospondias axillaris 丁 46.9 1.57 15 5 
K 17.8 0.31 11 8 
08 Endospermum chinense 丁 41.0 0.89 15 5 
09 Syzygium cumini K 20.0 0.38 15 10 
10 Tutchena spectabilis 丁 58.5 1.70 15 5 
K 14.4 0.38 11 § 
11 Diospyros morrisiana 了 认 勺 0.78 15 5 
K 23.0 0.36 11 8 
12 Thespesia populnea 丁 34.6 0.72 15 5 
13 Lithocarpus harlancli K 0.31 n 8 
14 Much lilts velutina 丁 34.0 0.63 15 5 
K 9.12 0.25 11 g 
15 Cordia dichotoma 丁 10 3.5 
K 27.0 0.70 11 8 
16 Elaeocarpus chinensis K 17.3 03A H 8 
17 Pygeum topengu K 29.5 0.45 H 8 
10 T/v . 十 T 42.7 0.98 15 5 
18 Vitex quwata 。 〕 
1 9 CastanopsLS concinna K 8 . 4 0 0 . 4 6 ^ ^  
BD: Basal diameter; D: Diameter; H: Height; 
T: Tai Tong Nursery; K: KFBG Nursery 
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Comparison of initial seedling height, basal diameter and fresh weight among fertility 
treatments (Chapter 6). 
A. auriculifonnis df M S F p 
Height Between Groups 10 140.342 1.584 0.155 
Within Groups 33 88.625 
Total 43 
B D Between Groups 10 3.404E-02 3.061 0.007 ** 
Within Groups 33 1.112E-02 
Total 43 
Fresh weight Between Groups 10 9.042 0.523 0.861 
Within Groups 33 17.284 
Total 43 
L. confertus df M S F p 
Height Between Groups 10 24.714 0.933 0.516 
Within Groups 33 26.477 
Total . 43 
B D Between Groups 10 1.223E-02 1.080 0.404 
Within Groups 33 1.132E-02 
Total 43 
Fresh weight Between Groups 10 7.350 0.805 0.626 
Within Groups 33 9.135 
Total 43' 
E. chinense df M S F p  
Height Between Groups 10 15.602 0.560 
Within Groups 32 17.702 
Total 42 
B D Between Groups 10 4.464E-02 1.335 0.255 
Within Groups 32 3.345E-02 
Total 42 
Fresh weight Between Groups 10 137.951 0.888 0.554 
Within Groups 32 155.408 
Total 42 
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Comparison of initial seedling height, basal diameter and fresh weight among fertility 
treatments (cont'd). 
M. velutina df M S F Sig. 
Height Between Groups 10 10.793 1.643 0.138 
Within Groups 33 6.570 
Total 43 
B D Between Groups 10 5.281E-03 1.412 0.218 
Within Groups 33 3.741E-03 
.Total 43 ‘ 
Fresh weight Between Groups 10 0.858 0.355 0.957 
Within Groups 33 2.421 
Total 43 
O. emarginata ‘ df M S F p 
Height Between Groups 10 7.476 1.190 0.333 
Within Groups 33 6.284 
Total 43 
B D Between Groups 10 8.602E-03 1.596 0.151 
Within Groups 33 5.391E-03 
Total 43 
Fresh weight Between Groups 10 6.242 1.455 0.201 
Within Groups 33 4.291 
Total 43 
0. edithae df M S F p 
Height Between Groups 10 15.578 0.842 0.593 
Within Groups 33 18.506 
Total 43 
B D Between Groups 10 8.584E-03 0.641 0.768 
Within Groups 33 1.340E-02 
Total 43 
Fresh weight Between Groups 10 3.807 0.761 0.664 
Within Groups 33 5.001 
Total 43 
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Comparison of initial seedling height, basal diameter and fresh weight among fertility 
treatments (cont'd). 
S. cIImini df M S F p 
Height Between Groups 10 46.867 1.098 0.392 
Within Groups 33 42.680 
Total 43 
B D Between Groups 10 8.164E-03 0.657 0.755 
Within Groups 33 1.243E-02 
Total 43 
Freshvveight Between Groups 10 4.634 1.660 0.133 
Within Groups 33 2.791 
Total 43 
Significance of difference in comparison is indicated by asterisks (*: p<0.05, p<0.01, 
pO .OO l ) . 
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Comparison of initial leaf number among fertility treatments (Chapter 6). 
a) Kruskal-Wallis Test to compare the initial leaf numbers of each species under 
different N treatments. 
N levels (kg ha') 
Species 0 25 50 100 200 K W test 
A. aiinciiliformis 17.38 16.13 23.46 35.25 26.83 n.s. 
L confertus 25.73. 25.50 21.08 13.38 24.33 n.s. 
Q. edithae 23.19 13.63 26.67 25.00 21.58 n.s. 
a emargLnata 22.85 35.00 21.71 27.63 18.92 n.s. 
E. chinense 21.83 23.00 20.42 28.50 23.08 n.s. 
S. cununi 21.77 20.50 26.67 26.00 20.50 n.s. 
M. velutina 25.73 22.50 20.79 17.50 24.25 n.s. 
Values indicate average ranks of leaf number for the specific treatments in the species; “n.s.”： no 
significant difference among treatments on the row under Kmskal-Wallis Test. 
b) Kruskal-Wallis Test to compare the leaf numbers of each species under different P 
treatments. 
P levels (kgha') 
Species 0 20 40 K W test 
A. auncuhforims 24.74 20.96 22.00 n.s. 
L. confertus 20.79 25.54 24.33 n.s. 
Q. edithae 21.67 23.33 25.00 n.s. 
a emarginata 2 3 . 9 8 2 5 . 6 3 1 8 . 6 7 n.s. 
E. chinense 23.57 20.64 22.33 n.s. 
cumim 25.19 20.50 21.67 n.s. 
M. velutma 22.52 22.50 24.33 n.s. 
Values indicate average ranks of leaf number for the specific treatments in the species; "n.s.": no 
significant difference among treatments on the row under Kruskal-Wallis Test. 
241 
APPENDIX 111 
Greenhouse seedlings before harvest (Chapter 6). Treatments are represented by 
different letters. 
A B C D E F G H I J K 
N ( k g h a - i ) 0 0 0 25 50 50 50 100 2 0 0 2 0 0 2 0 0 
P ( k g h a - i ) 0 2 0 4 0 0 0 2 0 4 0 0 0 2 0 4 0 
问A 一 评 " ^ 霸 ^ ^ 
隱 
(b) L confertus ‘ 一 “ ‘ 臂 ‘ ^ ^ ^ 
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